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Abstract

The present thesis study is a systematic investigation of information processing at

sleep onset, using auditory event-related potentials (ERPs) as a test of the neurocognitive

model of insomnia. Insomnia is an extremely prevalent disorder in society resulting in

problems with daytime functioning (e.g., memory, concentration, job performance, mood,

job and driving safety). Various models have been put forth in an effort to better

understand the etiology and pathophysiology of this disorder. One of the newer models,

the neurocognitive model of insomnia, suggests that chronic insomnia occurs through

conditioned central nervous system arousal. This arousal is reflected through increased

information processing which may interfere with sleep initiation or maintenance. The

present thesis employed event-related potentials as a direct method to test information

processing during the sleep-onset period.

Thirteen poor sleepers with sleep-onset insomnia and 1 2 good sleepers

participated in the present study. All poor sleepers met the diagnostic criteria for

psychophysiological insomnia and had a complaint of problems with sleep initiation. All

good sleepers reported no trouble sleeping and no excessive daytime sleepiness. Good

and poor sleepers spent two nights at the Brock University Sleep Research Laboratory.

The first night was used to screen for sleep disorders; the second night was used to

investigate information processing during the sleep-onset period. Both groups underwent

a repeated sleep-onsets task during which an auditory oddball paradigm was delivered.

Participants signalled detection of a higher pitch target tone with a button press as they

fell asleep. In addition, waking alert ERPs were recorded 1 hour before and after sleep on

both Nights 1 and 2.
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As predicted by the neurocognitive model of insomnia, increased CNS activity

was found in the poor sleepers; this was reflected by their smaller amplitude P2

component seen during wake of the sleep-onset period. Unlike the P2 component, the Nl,

N350, and P300 did not vary between the groups. The smaller P2 seen in our poor

sleepers indicates that they have a deficit in the sleep initiation processes. Specifically,

poor sleepers do not disengage their attention from the outside environment to the same

extent as good sleepers during the sleep-onset period. The lack of findings for the N350

suggest that this sleep component may be intact in those with insomnia and that it is the

waking components (i.e., Nl, P2) that may be leading to the deficit in sleep initiation.

Further, it may be that the mechanism responsible for the disruption of sleep initiation in

the poor sleepers is most reflected by the P2 component.

Future research investigating ERPs in insomnia should focus on the identification

of the components most sensitive to sleep disruption. As well, methods should be

developed in order to more clearly identify the various types of insomnia populations in

research contexts (e.g., psychophysiological vs. sleep-state misperception) and the

various individual (personality characteristics, motivation) and environmental factors

(arousal-related variables) that influence particular ERP components. Insomnia has

serious consequences for health, safety, and daytime functioning, thus research efforts

should continue in order to help alleviate this highly prevalent condition.
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Information Processing in Sleep-onset Insomnia:

A Test of the Neurocognitive Model

The introduction to this thesis will begin with a general overview of the science of

sleep, including how sleep is recorded physiologically and why sleep is essential for

waking function. Following this, the sleep disorder of insomnia will be introduced

focussing on its definitions and consequences. Several models of insomnia will be

examined, each of which offers an explanation for the etiology and pathophysiology of

this disorder. Next, event-related potentials (ERPs) will be presented as an ideal approach

to test the neurocognitive model of insomnia. A detailed review of ERP studies during

sleep/sleep onset in good sleepers will be presented followed by a critique of the few

preliminary studies that have applied ERPs to the problem of insomnia. The present

thesis study is a systematic investigation of information processing at sleep onset, using

auditory ERPs as a test of the neurocognitive model of insomnia.

General Introduction on Sleep

Definitions and Characteristics. Although sleep was observed and described for

centuries on the basis of behaviour (e.g., quiescence, posture) (Carskadon & Dement,

2005; Kleitman, 1963), modern descriptions of sleep have been based on physiological

criteria since the first polysomnography (PSG) studies of sleep (Davis, Davis, Loomis,

Harvey, & Hobart, 1937a; Davis, Davis, Loomis, Harvey, & Hobart, 1937b; Davis,

Davis, Loomis, Harvey, & Hobart, 1939; Loomis, Harvey, & Hobart, 1935a; Loomis,

Harvey, & Hobart 1935b; Loomis, Harvey, & Hobart, 1937). Rechtschaffen and Kales

(1968) published the standardized manual for the categorization of sleep, which is still in

use for research today; this manual classifies sleep based on electroencephalography





(EEG), electromyography (EMG) and electrooculography (EOG). Wakefulness is marked

by mixed frequency low voltage activity, and the presence of alpha activity (8-13 Hz)

(when relaxed with eyes closed). In addition, high muscle tone and rapid eye movements

or eye blinks are commonly seen during wakefulness. Stage 1 sleep is defined by at least

half the scoring period (typically a 30 s epoch) containing 2-7 Hz theta activity; this stage

is also accompanied by slow rolling eye movements. Towards the end of this stage vertex

sharp waves appear; thus Stage 1 is often further subdivided into early (Stage la) and late

(Stage lb) categories in order to more systematically examine the transition to sleep (e.g.,

Sekine, Niiyama, Kutsuzawa, & Shimizu, 2001; Valley & Broughton, 1983). Stage 2 is

identified by the presence of the K-complex (a large amplitude negative deflection

followed by a positive deflection), or sleep spindles (12-14 Hz waves with a fusiform

shape) (Davis et al., 1939; Rechtschaffen & Kales, 1968). To be classified, both of these

phasic events must last at least half a second. Stages 3 and 4, also referred to as deep or

slow wave sleep (SWS), are classified when delta waves (>75 uV, <_2 Hz) occupy

between 20-50% of an epoch (Stage 3) or over 50% of an epoch (Stage 4). These first

four stages of sleep are referred to as Non-Rapid-Eye-Movement (NREM) sleep. After

NREM sleep occurs, there is typically a brief transition back through the lighter sleep

stages (e.g., back to Stage 3, then 2) or an arousal before entering Rapid Eye Movement

(REM) sleep (Carskadon & Dement, 2005). REM sleep is defined by a very low muscle

tone and EEG that looks much like that of Stage 1 . REM sleep is also accompanied by

phasic bursts of rapid eye movements and muscle activity. The entire NREM-REM sleep

cycle lasts approximately 90 minutes (Carskadon & Dement, 2005). This cycle repeats 4-

6 times throughout the night with the exception of Stage 1 which usually only occurs





during sleep onset and after arousals (Carskadon & Dement, 2005; Rechtschaffen &

Kales, 1968).

First Night Effect. The first night effect occurs when good sleepers experience a

poor night of sleep due to sleeping in a new environment for the first time (e.g., sleep

laboratory). Thus, the first night of recording is usually not used in analyses for research

(Agnew, Webb, & Williams, 1 966). Changes in sleep patterns found during the first

laboratory night can include longer sleep-onset latency, reduced total sleep time,

increased wake after sleep, decreased sleep efficiency, and more stage shifts (Agnew et

al., 1966; Curcio, Ferrara, Piergianni, & De Gennaro, 2004; Toussiant et al., 1995;

Toussiant et al., 1997). More commonly, REM variables are altered during the first night

in the laboratory; these changes include a delayed REM latency, and shortened or absent

REM periods (Agnew et al., 1966; Mendels & Hawkins, 1967; Lorenzo & Barbanoj,

2002; Toussiant et al., 1995; Toussiant et al., 1997). The second night in the laboratory

has shown either a return to normal sleep parameters (Agnew et al., 1966; Lorenzo &

Barbanoj, 2002; Mendels & Hawkins, 1967) or residual REM abnormalities such as

decreased amount ofREM sleep and delayed REM sleep latency (Toussiant et al., 1995).

Toussiant et al. (1997) found no alterations on night 2 using traditional sleep scoring, but

when applying spectral analysis found increased delta, theta and beta frequencies during

REM sleep, indicative of a REM sleep rebound (i.e., increased REM pressure as a result

of the reduced REM sleep on the previous night). Currently, studies investigating sleep

and/or sleep onset often use the first night in the laboratory as an adaptation/screening

night and use the second and subsequent nights for analyses (e.g., Loewy & Bootzin,





1996; Loewy, Burdick, Al-Shajlawi, Franzen, & Bootzin, 1999; Sforza & Haba-Rubio,

2006).

Sleep Onset. The process of falling asleep has been the focus ofmany sleep

researchers (e.g., Davis et al., 1937b; Hori, Hayashi & Morikawa, 1994; Ogilvie, Simons,

Kuderian, MacDonald, & Rustenburg, 1991; Cote, De Lugt, & Campbell, 2002), several

ofwhom consider definitive sleep to begin at the onset of Stage 2 (e.g., Hori et al., 1994;

Ogilvie et al., 1991). Davis et al. (1937b) were one of the first groups to examine the

transition from wakefulness to sleep. Participants squeezed a rubber bulb once when they

felt themselves "drifting" or "floating" and squeezed the rubber bulb twice when they

thought they had just awoken from "real sleep". The investigators linked the participants'

objective experiences of drifting or being asleep with the EEG patterns observed.

Floating was associated with a loss of alpha rhythm and real sleep occurred sometime

after the beginning of Stage B (analogous to what is now referred to as Stage 1 sleep).

In order to examine the transition to sleep, Hori et al. (1994) divided the sleep-

onset period into nine distinct stages ranging from wakefulness to Stage 2 sleep. Hori's

Stages 1 and 2 would be categorized as wakefulness by standard criteria (Rechtschaffen

& Kales, 1968) because they have more than 50% alpha activity; Hori's Stage 1 has a

continuous alpha train, while Hori's Stage 2 has intermittent alpha trains. Hori's Stages

3-8 are considered Stage 1 by standard criteria; Hori's Stage 3 has intermittent alpha that

is less than 50% of the epoch, Stage 4 has reduced amplitude alpha, Stage 5 has theta

activity, Stage 6 has a minimum of one vertex sharp wave in an epoch, Stage 7 contains a

minimum of two vertex sharp waves in an epoch, and Stage 8 contains vertex sharp

waves as well as a minimum of one incomplete spindle per epoch. Hori's Stage 9 would





be classified as Stage 2 sleep using the standard criteria and is defined by an epoch

containing a minimum of one clear sleep spindle. Response rate has been shown to

successively decline and reaction time to successively increase with Hori's sleep-onset

stages. In his review of sleep onset, Ogilvie (2001) stated that the Hori's stages present

"the greatest advance in understanding the SOP [sleep onset period] yet achieved" (p.

25 1). Ogilvie's own research found that Hori's stages almost always occurred in the

sequence described, indicating that sleep onset involves many consistent, systematic

changes in normal populations (Ogilvie, 2001). Ogilvie thus suggested that Hori's 9

stages would be ideal to investigate abnormalities of sleep onset in various clinical

populations such as those with insomnia or narcolepsy, and that such research is lacking.

Sleep Across the Lifespan. Age is thought to be the most influential factor

affecting sleep architecture (Carskadon & Dement, 2005). Unlike the adult, when the

newborn infant falls asleep they first enter REM sleep and have a shorter sleep cycle of

50-60 minutes (Carskadon & Dement, 2005). REM sleep (active sleep) occupies 50% of

the newborn's sleep, but declines to the adult proportions of 20-25% by the age of two

(Carskadon & Dement, 2005). Over first year of life NREM (quiet sleep) increases and

slow wave sleep (SWS) becomes evident (Ficca, Fagioli, & Salzarulo, 2000). SWS

reaches its highest proportions in the young child (Carskadon & Dement, 2005). Children

are more difficult to awaken from all stages of sleep especially SWS, even with tones of

intensities reaching up to 120 dB (Busby, Mercier, & Pivik, 1994; Busby & Pivik, 1985).

Young adults, on the other hand, have much lower arousal thresholds. Sound intensities

required to awaken adult sleepers have been found to be highest in SWS (85.6 dB)

compared to Stage 2 (67.5 dB) and REM sleep (58.3 dB) (Busby et al., 1994;





Rechtschaffen, Hauri, & Zeitlin, 1966). Arousal thresholds decrease with age (Busby et

iL, 1994), which may in part explain why the sleep of the elderly is so fragmented; the

elderly experience more night-time awakenings as well as an increase in Stage 1 sleep

(Bliwise, 2005). Older adults are also typically more phase advanced (e.g., get sleepy

earlier in the evening) than their younger counterparts (Bliwise, 2005). Slow wave sleep

declines with age, and may be absent in some men over 60; REM sleep, however,

remains relatively stable throughout the lifespan (Bliwise, 2005). Primary sleep disorders

are more prevalent with increasing age, e.g., sleep apnea, restless legs syndrome, and

insomnia (Bliwise, 2005).

Sleep Need and Functions. Sleep need (amount of sleep required to function

optimally) is extremely variable and is affected by factors such as genetics and age

(Carskadon & Dement, 2005). The one-week old infant sleeps an average of 16.5 hours

per day with this number slowly decreasing as the child matures (Ferber, 1985). The

National Sleep Foundation (2005) found that the average amount of time adults spent

asleep was 6.8 hours on weekdays and 7.4 hours on weekends. Interestingly, these

numbers have decreased over the last several years (2001 : weekdays = 7 hrs, weekends =

7.8 hrs; 2002: weekdays = 6.9 hrs, weekends = 7.5 hrs). These data do not necessarily

reflect sleep need, but simply the amount of sleep people are achieving. The decrease in

sleep time observed from 2001-2005 implies that people are probably intentionally

cutting down on their sleep and not getting as much as they need for optimal function.

There are substantial individual differences in sleep need. Long sleepers may require

more than 9 hours of sleep to feel rested and function optimally, whereas short sleepers





may require less than 6 hours; this variation has been linked to biological determinants

such as nighttime melatonin secretion and body temperature (Aeschbach, et al., 2003).

Sleep occupies many hours per day during which all mammals are vulnerable

with decreased responsiveness to the environment, thus sleep must serve some very

important functions. Early theories proposed that NREM sleep played a role in energy

conservation (heat conservation) (e.g., Berger, 1975). A number of proposals were put

forth to explain REM sleep: 1 . the sentinel hypothesis (Snyder, 1 966) claimed that REM

prepares the animal for a quick awakening if encountered by threat; 2. the immobilization

theory (Meddis, 1975), suggested that the function of sleep is to allow for foraging and

other activities to be carried out during the safer daylight hours; and, 3. Crick and

Mitchison (1983) suggested that REM sleep occurs so that animals can "unlearn"

unnecessary information. More recently, theories have suggested that REM sleep is

necessary to permit cell repair (Siegel, 2003; Siegel, 2005), and is involved in learning

and memory (e.g., Smith, 2001; Walker & Stickgold, 2006). It is likely that sleep serves a

multitude of functions and that these functions may vary depending on a variety of

factors (e.g., the species, age, etc) (Home, 2002). After summarizing a symposium that

was held on this subject, Moorcroft (1995) came to the conclusion that "[s]leep provides

the circumstance for the achievement ofmany diverse functions in a highly efficient

manner" (p. 210). Although there is no clear consensus regarding why we sleep, there is a

consensus that sleep is necessary for optimal waking function.

Insomnia

Definitions and Prevalence. There are three main diagnostic definitions of

insomnia in use today. These come from the 4
th

edition of the American Psychiatric
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Association's Diagnostic and Statistical Manual (DSM-IV), The World Health

Organization's International Classification of Diseases (ICD-10), and the International

Classification of Sleep Disorders (ICSD); these classification systems all differ slightly in

their insomnia descriptions. The DSM-IV divides insomnia into two categories: primary

insomnia and secondary insomnia. Primary insomnia is that which is not secondary to, or

brought upon by another physical or mental illness, whereas secondary insomnia is the

result of another illness.

The ICD- 1 classifies insomnia as either organic (secondary to another disorder,

found in subcategories ofmany other disorders) or nonorganic (not secondary to another

disorder). The ICSD includes general criteria for insomnia which are similar to the DSM-

IV and ICD-10 criteria, as well as eleven insomnia subcategories. One of these

subcategories, psychophysiological insomnia (a form of primary insomnia), requires that

the patient have "conditioned sleep difficulty and/ or heightened arousal" (American

Academy of Sleep Medicine, 2005, p. 7).

A workgroup from the American Academy of Sleep Medicine has recently

published research diagnostic criteria for insomnia disorder and psychophysiological

insomnia; these are almost identical to the ICSD criteria. For those with

psychophysiological insomnia, the sleep difficulties may manifest at different times of

the night. Thus, the insomnia can be categorized as sleep onset, sleep maintenance, early

morning awakening, or any combination of these (Perlis, Junquist, Smith, & Posner,

2005). The classifications for primary insomnia, organic insomnia, and

psychophysiological insomnia all require that the insomnia complaint have been present

for at least 1 month and that it is associated with daytime impairments. The ICD-10





criteria for Organic Insomnia has the additional requirement that the sleep problem occur

at least three nights per week (World Health Organization, 1992).

Another subcategory of the ICSD relevant to the present study is paradoxical

insomnia, also referred to as "sleep state misperception" or "subjective insomnia".

Paradoxical insomnia involves a "complaint of severe insomnia that occurs without

evidence of objective sleep disturbance and without the level of daytime impairment

commensurate with the degree of sleep deficits reported" (American Academy of Sleep

Medicine, 2005 p. 9). Patients with this disorder severely overestimate sleep-onset

latency (SOL) and severely underestimate total sleep time (TST). Psychophysiological

insomnia patients also have a tendency to make these subjective-objective errors,

although for those with paradoxical insomnia these discrepancies are larger (American

Academy of Sleep Medicine, 2005).

Insomnia is extremely prevalent. A recent study by Statistics Canada (Tjepkema,

2005) found that over 13% of Canadians (ages 15 and over) have trouble falling or

staying asleep most or all of the time; it is unclear, however, if this trouble is due to

primary insomnia or other disorders or circumstances. Ohayon and Roth (2001) pointed

out that epidemiological studies of insomnia are difficult to compare because of the

varying definitions used for this disorder. In a review by Ohayon (2002), over 50

epidemiological studies of insomnia were examined in detail. These studies were

conducted world wide in countries such as France, Canada, the United Kingdom, and

Germany; they commonly included those aged 15-18 and older. In the studies that asked

only about the presence of insomnia symptoms (e.g., difficulty initiating sleep, difficulty

maintaining sleep), about 33% of participants reported insomnia. When studies also
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required the complaint of daytime consequences, this percentage decreased to about 9-

1 5%. Further, in studies requiring the more stringent DSM-IV diagnostic criteria, only

4.4-6.4% were found to have either primary or secondary insomnia; about 2-4% of this

population met the criteria for primary insomnia.

Insomnia has also been associated with impaired daytime functioning.

Specifically, insomnia has been linked to difficulties with concentration, memory, and

accomplishing daily tasks (Roth & Ancoli-Israel, 1999). In addition, insomnia has also

been associated with a decrease in relationship satisfaction (Roth & Ancoli-Israel, 1999).

Those with insomnia have trouble at work including increased absenteeism, decreased

job satisfaction, and decreased job efficiency compared to good sleepers (Leger, Massuel,

Metlaine, & SISYPHE Study Group, 2006). Breslau, Roth, Rosenthal and Andreski

(1996), found that of 1006 participants, those with prior insomnia were more likely to

subsequently develop anxiety, major depression or substance abuse disorders. Insomnia is

also a serious concern for safe driving; those with insomnia have higher major accident

rates (almost double) compared to good sleepers (Leger et al., 2006).

Auditory Arousal Thresholds in Insomnia. An interesting question is whether

individuals with insomnia have "lighter" sleep (i.e., can be more easily awoken by

external stimuli such as tones) (Mendelson, James, Garnett, Sack, & Rosenthal, 1986).

Mendelson et al. (1986) presented subjective insomnia patients and good sleepers with

tones or their own name while they were asleep. Those with subjective insomnia had

arousal thresholds no different than the good sleepers suggesting that "subjectively poor

sleep is not necessarily 'light sleep'" (Mendelson et al., 1986, p. 267). In addition, the

auditory arousal threshold was found to be lower for the participant's own name
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compared to the tones for both groups, demonstrating that information processing occurs

during sleep to some extent. Haynes, Fitzgerald, Shute, and O'Meary (1985) investigated

arousal thresholds in those with sleep-onset insomnia, subjective insomnia, and good

sleepers. There were no differences in auditory arousal thresholds among the three

groups; however, those with sleep-onset insomnia took longer to fall back asleep

following the tones than the other two groups. The above findings suggest that arousal

thresholds are similar for those with insomnia and good sleepers, meaning that both of

these populations need approximately the same level of environmental noise to be

awakened. Similarly, the findings suggest that insomnia cannot be explained by

differences in arousal threshold. This also implies that any physiological (e.g., event-

related potentials) difference found between good and poor sleepers cannot be explained

by differences in arousal threshold.

Physiological Model. Various models have been put forth in order to understand

the etiology and pathophysiology of insomnia. Many of these are based on the

assumption that insomnia stems from a disorder of hyperarousal (Perlis, Smith, & Pigeon,

2005). One of the earliest models attempted to link physiological arousal with insomnia

through measuring heart rate, blood flow, body temperature, metabolism, Cortisol and

adrenaline secretion, and pupillometry. The physiological model of insomnia is based on

the assumption that physiological arousal and sleep are not compatible (Perlis, Smith, et

al., 2005).

One of the earliest reports investigated a number of physiological measures in

good and poor sleepers (Monroe, 1 967). The poor sleepers exhibited higher

vasoconstriction rates, higher basal skin resistance, a tendency for increased heart rate
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and pulse volume, and higher rectal temperatures. These differences were found during

the sleep period as well as during a 30-minute pre-sleep period. In a study by Freedman

(1986), sleep-onset insomnia patients and good sleepers were investigated during a 15-

minute pre-sleep period as well as throughout sleep. The insomnia patients exhibited

higher muscle tone, heart rate, and lower finger temperatures than the controls.

Interestingly, these differences diminished as the insomnia patients approached sleep

onset, suggesting that hyperarousal was limited to the waking state. Conversely, Bonnet

and Arand (1998) found that those with psychophysiological insomnia had increased

heart rate in all stages of sleep. A recent study by Riemann et al. (2002) investigated

Cortisol and melatonin secretion (from 19:00 to 9:00 hrs) in those with primary insomnia

and good sleepers. They found that the insomnia patients exhibited less melatonin

secretion at all testing times, but no differences in Cortisol secretion were found. This

suggests that melatonin production is impaired in those with insomnia.

In an innovative study by Haynes, Adams, and Franzen (1981) those with sleep-

onset insomnia and good sleepers were exposed to pre-sleep cognitive stressors (mental

arithmetic tasks). The insomnia patients had an increased heart rate compared to the good

sleepers before and after the stressor (both study nights). Heart rate did not vary in

response to the stressor for both groups on the first experimental night. On the second

experimental night, however, the good sleepers had an increase in HR following the

stressor. The stressor shortened the sleep-onset latency of the insomnia patients, and

lengthened the sleep-onset latency of the good sleepers. This counter-intuitive finding

may be because the stressor served to disrupt the rumination of the insomnia patients,

thus allowing them to fall asleep more quickly (Haynes et al., 1981).
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A number of studies have also investigated the physiological responses of

insomnia patients during the day in order to determine if insomnia may be caused by a

more general disorder of hyperarousal. Johns, Gay, Masterton, and Bruce (1971)

conducted a study with male medical students who were either good or poor sleepers.

Urine samples were collected four times a day over a period of 72 hours (morning,

afternoon, evening, overnight). The poor sleepers exhibited greater adrenocortical

secretion during the day and night. Adam, Tomeny, and Oswald (1986) studied good and

poor sleepers in a group of older adults (mean age = 52). The poor sleepers exhibited

higher body temperature during the day and night, and tended to have higher adrenaline

and Cortisol excretion compared to the good sleepers. There was no pulse rate difference

between the two groups. Bonnet and Arand (1995) investigated insomnia patients and

good sleepers and found elevated metabolic rate (as measured by V02 levels) in the

insomnia patients throughout the day and night, with a further increase during the night.

As well, the insomnia patients took longer to fall asleep during the Multiple Sleep

Latency Test (MSLTs) (repeated daytime sleep opportunities). The authors suggested that

insomnia patients may suffer from a general disorder of hyperarousal.

A series of studies have extensively examined daytime pupillometry as a measure

of physiological arousal and sleepiness (Lichstein, Johnson, Sen Gupta, O'Laughlin, &

Dykstra, 1992; Lichstein & Johnson, 1994; Lichstein, Wilson, Noe, Aguillard, & Bellur,

1994). Pupillometry measures pupil diameter and reflects the arousal level of the

sympathetic nervous system; a larger pupil diameter indicates greater arousal whereas a

smaller pupil diameter indicates less arousal or sleepiness (Riedel & Lichstein, 2000).

Lichstein et al. (1992) conducted a study with insomnia patients and good sleeper
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controls. These researchers found that the pupillometry measure discriminated between

the insomnia and non-insomnia groups. The insomnia group exhibited smaller pupil

diameters indicating decreased arousal compared to the good sleepers. There was,

however, much overlap in pupil diameters between the two groups. In 1994, Lichstein's

team (Lichstein & Johnson, 1994) conducted a similar study and again found those with

insomnia had smaller pupil diameters. Although they found significant results, they stated

that their effect size was very small. In a subsequent study by Lichstein et al. (1994),

pupil diameter was found to be the same in insomnia patients and good sleepers. In

addition, these researchers found no difference in the MSLTs between the two groups.

The researchers suggested that the discrepancy between this study and the earlier ones

may be because the prior studies did not screen for sleep disorders, thus the significant

differences may have been due to those with disorders other than insomnia. In addition,

the authors suggested that the differences in the earlier studies were mostly due to

participants with extreme values in pupil diameter.

In summary there is evidence showing increased physiological activity in those

with insomnia compared to good sleeper controls. This physiological hyperarousal seems

quite evident during the pre-sleep period and during the night. The idea that insomnia

patients suffer from a more general disorder of hyperarousal (hyperarousal trait that is

always present, even in waking) has attained some support as well, although these results

are more mixed. The physiological model of insomnia does not attempt to explain how

this physiological arousal develops and what can be done to alleviate this arousal

response (Pedis et al., 2005). The behavioural model attempts to answer these questions.
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Behavioural Model. In 1987, Spielman, Caruso, and Glovinsky presented a 3-

factor model describing how insomnia develops and is maintained. The authors described

behavioural therapies for insomnia and suggested mechanisms by which treatment works,

namely through classical conditioning. The 3-factor model ofinsomnia proposes that

insomnia develops from predisposing, precipitating and perpetuating factors and stresses

that treatment should focus on the perpetuatingfactors that maintain insomnia. Spielman

et al. (1987) only provide a brief explanation of the model, which is later elaborated on

by other researchers such as Perlis, Giles, Mendelson, Bootzin, and Wyatt (1997).

The predisposing factors are traits of an individual. These may include

psychological or personality factors such as a tendency to ruminate or worry, biological

factors such as hyperarousal, and social factors such as disturbance from a bed partner

following a different sleep schedule (Perlis et al., 1997). Precipitating factors include

stressful events in one's life (e.g., death, marriage) that interact with the person's

predisposition (tendency to ruminate or worry) to create the sleep problem. Eventually,

these precipitating factors are no longer evident yet the sleep problem continues. This

process is thought to occur through perpetuating factors including: "excessive time in

bed, maladaptive conditioning, irregular timing of retiring and rising, [and] worry over

daytime deficits", among others (Spielman et al., 1987, p. 548). Perlis et al. (1997)

describe the perpetuating factors as maladaptive coping strategies.

Maladaptive coping strategies are strategies the poor sleeper adopts with the

intention to get more sleep. Unfortunately, these strategies only result in a worsening of

the problem. Research has focussed mainly on two closely related maladaptive coping

strategies, "excessive time in bed" and "staying in bed while awake" (Perlis et al., 1997).
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Insomnia patients tend to go to bed earlier and get out ofbed later in an attempt to get

more sleep. Although this is sometimes helpful, it can have serious consequences

(Spielman et al., 1987). When one spends more time in bed than needed, their sleep

becomes more fragmented and in turn they spend more time in bed awake (Perlis et al.,

1997). The strategy of staying in bed while awake is also maladaptive as this results in a

conditioning of arousal during the sleep period. Objects in the bedroom that should be

associated with sleep, become associated with arousal. The result of both of these

maladaptive strategies is conditioned arousal at bedtime, which in turn contributes to

chronic insomnia (Perlis et al., 1997). This conditioned arousal has been traditionally

investigated as either physiologic (bodily) or cognitive (mind). The original Spielman

model does not directly address conditioning within its schematic. A newer version of

this model "the four factor model" (Perlis, Smith, et al., 2005) adds conditioned arousal

as well as treatment outcome.

A number of current treatment strategies are based on the principles of Spielman'

s

behavioural model. For example, relaxation and biofeedback methods work by

attempting to condition a physically relaxed state prior to sleep. Relaxation techniques

are employed to lower physiological arousal levels until they are compatible with sleep

onset; biofeedback provides a mechanism by which the patient is informed of their

brain's electrical activity and learns to control this activity so it is compatible with sleep.

Cognitive strategies attempt to curb mental arousal or a racing mind; these strategies

focus on calming the mind by changing thinking patterns, or conditioning a more calm

mental state (Spielman et al., 1987).
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Spielman also describes stimulus control instructions as a method of treatment, as

put fourth by Bootzin and Nicassio (1978). Stimulus control instructions help the patient

by reconditioning the bedroom environment for sleep. Ironically, when a person with

insomnia stays overnight in a novel setting, such as a sleep laboratory or hotel room, they

sleep very well. This so-called "reverse night effect" occurs because they are not

bombarded with the cues that normally condition them for arousal at bedtime (Spielman

et al., 1987). These cues may include the sight of objects in their bedroom such as their

bed, or pre-sleep rituals such as watching the news or brushing their teeth (Spielman et

al., 1987).

Sleep restriction therapy also acts to recondition the sleeper. In this treatment, the

goal is to increase sleep efficiency (i.e., amount of time asleep while in bed). (Spielman

et al., 1987). Many insomnia sufferers believe that lying in bed for a longer period of

time will increase the opportunity for sleep, but in fact this behaviour makes the sleep

problem worse. By lying in bed longer than needed, the poor sleeper ends up spending

more time in bed awake (Spielman et al., 1987). They are thus lying in bed tossing and

turning and thinking, which further conditions them for arousal during the sleep period

(Perlis et al., 1997). Sleep restriction therapy begins by allowing the sleeper to spend only

the amount of time in bed that they normally sleep. If sleep efficiency is above 90% after

one week, the patient is instructed to add 1 5 minutes to their time in bed. If sleep

efficiency is below 85%, the patient decreases their time in bed by 1 5 minutes.

Eventually, over several weeks and several adjustments, sleep becomes consolidated

(Spielman et al., 1987).
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The behavioural model offers an explanation as to how insomnia develops, but

does not present a clear research strategy for validating its components. Treatment

research, however, has provided some evidence that a re-conditioning or alleviation of

the perpetuating behaviours helps the sleep problem. In addition, personality studies,

which will be reviewed below, have provided evidence for the role of predisposing

factors in the manifestation of insomnia (Pedis, Smith, et al., 2005).

In the study by Monroe (1967) mentioned previously, participants completed the

Minnesota Multiphasic Personality Inventory (MMPI). The researchers found that the

poor sleepers had more emotional and psychosomatic problems, and that the good

sleepers had better adaptiveness abilities. Kales, Caldwell, Preston, Healey, and Kales

(1976) also had insomnia patients complete the MMPI which revealed that their sample

was mostly characterized by "internalizing emotions" opposed to "acting out". These

authors proposed that this internalization leads to physiological arousal, which in turn

leads to insomnia. Another study by the same research team (Healey et al., 1981) found

that chronic insomnia patients experienced more stressful events in the year prior to the

onset of sleep difficulties compared with other years. They also found that the insomnia

patients had reduced self-concepts and were less satisfied with their lives than were good

sleepers.

Another study by Kales, Caldwell, Soldatos, Bixler, and Kales (1983),

investigated personality patterns in those with insomnia and found that the insomnia

patients consistently had more problems with rumination, anxiety, neurotic depression,

and an "inability to discharge anger outwardly" compared to good sleepers (p. 351).

These authors proposed that insomnia patients internalize stress which leads to
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physiological arousal and that this process contributes to the development of chronic

insomnia. Dorsey and Bootzin (1997) investigated personality variables of good sleepers,

subjective insomnia patients, and objective insomnia patients. They found a trend for the

objective insomnia patients to be more introverted and a trend for the subjective insomnia

patients to be more neurotic. Additionally, those who were more introverted took longer

to fall asleep. The authors suggested that introverts are more able to monitor their

physiological states and that this inward monitoring may cause difficulty falling asleep.

These personality findings concur with the Spielman model as they describe how

predisposing factors (e.g., a tendency toward introversion) can interact with precipitating

factors (e.g., internalizing a stressful life event) to bring about the sleep problem.

Cognitive Model. There has been an abundance of literature that has focussed on

the association between cognitive arousal and insomnia (e.g., Harvey, 2000; Kuisk,

Bertelson, & Walsh, 1989; Lichstein & Rosenthal, 1980). Lichstein and Rosenthal (1980)

surveyed 296 insomnia patients to examine whether their sleep problems were due to

physiological arousal or cognitive arousal. They found that cognitive complaints (e.g.,

worry, intrusive thoughts) were much more common than somatic complaints. In a study

by Kuisk et al. (1989), pre-sleep cognitive activity was investigated in those with

psychophysiological insomnia, subjective insomnia, and good sleepers. It was found that

both types of insomnia patients rated their pre-sleep thoughts as less pleasant than the

good sleepers. In addition, the psychophysiological insomnia patients reported more pre-

sleep cognitions than the subjective insomnia patients or the good sleepers.

Harvey (2000) interviewed sleep-onset insomnia patients and good sleepers in

order to investigate their pre-sleep thoughts. The insomnia patients' pre-sleep thoughts
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consisted more of worries, problems, and environmental noises, and were less concerned

with "nothing in particular". The amount of pre-sleep imagery was found to be the same

in both groups, although this imagery was more distressing and associated with physical

sensations for the insomnia group. Wicklow and Espie (2000) examined pre-sleep

cognitive activity in those with sleep-onset insomnia. They found that thoughts pertaining

to sleep, the consequences of poor sleep, and problem solving were the strongest

predictors of objective sleep onset (minutes to fall asleep measured by PSG recording).

These researchers also found that cognitive intrusions could be placed in one of three

categories: "active problem solving" (e.g., planning and rehearsing), "present state

monitoring" (e.g., thoughts related to sleep and bodily functions) and "environmental

reactivity" (awareness of external stimuli during sleep).

Nelson and Harvey (2003 a) investigated the type of cognitive activity (mental

imagery versus verbal thoughts) experienced during the pre-sleep period. Participants

with sleep-onset insomnia and good sleepers were tested after an afternoon nap. Both

groups of participants had similar amounts of thoughts and images; however, those with

insomnia indicated that their cognitions were more distressing. Those with insomnia also

had less control over their mental images (e.g., degree to which the image was

purposefully created by the participant and control over the cessation of the image). In

addition, participants were asked to report on their most salient verbal thought and mental

image. Those with insomnia had higher subjective arousal ratings (ratings of bodily

sensation, e.g., increased heart rate, trembling, nausea) associated with their most salient

cognitions compared to the good sleepers. These results suggest that cognitive arousal

leads to physiological arousal. Nelson and Harvey (2003b) completed an additional study





21

that examined pre-sleep cognitive activity (specifically mental imagery) without reliance

on retrospective reports. Participants were sent home with voice-activated tape recorders

and hand-held counters in order to report on/count their mental images during the pre-

sleep period. Those with insomnia had fewer mental images, although the mental images

they experienced were more negative. In addition, the poor sleepers had more mental

images associated with intimate relationships and sleep compared to the good sleepers.

Through interviews and questionnaires, Semler and Harvey (2004) found that

students with primary insomnia had an increased number of monitoring behaviours

during the day and night (e.g., clock checking- how long have I been trying to fall

asleep?; body sensations- do I feel physically exhausted?), more negative thoughts related

to these behaviours (e.g., "I won't be able to cope tomorrow"), and more safety

behaviours at night (behaviour engaged in following monitoring to avoid negative

consequences from sleep loss, e.g., going to bed early) compared to good sleepers (p.

1407). Semler and Harvey (2004) replicated this study in a clinical community sample

with more severe insomnia. Compared to the student population with insomnia, the

community sample had more negative thoughts and safety behaviours associated with

monitoring.

These findings present a clear link between cognitive arousal and insomnia. Those

with insomnia have more distressing or negative pre-sleep thoughts or imagery (Kuisk et

al., 1989; Nelson & Harvey, 2003a; Nelson & Harvey, 2003b; Wicklow & Espie, 2000)

and more thoughts related to sleep or the consequences of poor sleep than good sleepers

(Nelson & Harvey, 2003b; Semler & Harvey, 2004). In addition, sleep-related thoughts

have been correlated with sleep-onset latency (Wicklow & Espie, 2000). A general model
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of the cognitive perspective (Pedis, Smith, et al., 2005) outlines how precipitating factors

(e.g., life stress, rumination and worry) lead to physiological arousal, which in turn leads

to the initial acute sleep problem. It further indicates that chronic insomnia results from a

continuous cycle; the acute sleep problem leads to further worry about sleep, which then

leads to further physiological arousal and so on. This model does not take into account

predisposing factors of the individual such as an elevated tendency to worry. As well, it

does not specify what type of physiological arousal leads to insomnia.

Psychobiological Inhibition Model. A slightly different approach was presented

by Espie (2002). In the psychobiological inhibition model (Espie, 2002), later adapted

and called the attention-intention-effortpathway model (Espie, Broomfield, MacMahon,

Macphee, and Taylor, 2006), the poor sleeper is thought to inhibit the natural and

automatic process of sleep by placing attention, intention, and effort onto the sleep

process. These inhibiting actions of the poor sleeper are considered either direct (trying to

sleep) or indirect (maladaptive coping strategies) and are thought to lead to a failure to

de-arouse (from normal arousal associated with wake). Espie suggests that

"hyperarousal" occurs in only a subset of those with insomnia.

Research-based evidence for this model comes from cognitive studies as reviewed

above suggesting that poor sleepers focus their attention towards sleep to a greater extent

than good sleepers (Nelson & Harvey, 2003b; Semler & Harvey, 2004). As well, there is

evidence that poor sleepers selectively attend to sleep stimuli (i.e., bedroom objects) (e.g.,

Jones, Macphee, Broomfield, Jones, & Espie, 2005). The efficacy of cognitive

behavioural therapy (CBT) presents additional evidence for this model. Strategies such as

sleep restriction and rising after 15 minutes if one cannot sleep may be effective as they
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serve to stop the poor sleeper from making an effort to sleep. Paradoxical intention

treatment could also be thought of as working in this manner (patient is trying not to

sleep in order to sleep). In addition, CBT strategies recondition the bedroom for sleep,

which one could argue also contributes to making sleep a more automatic process. As

well, eliminating negative thinking about sleep could serve to eliminate attentional bias

towards sleep.

In summary, the above models and research offer support for the notion that the

etiology and pathophysiology of primary insomnia may be related to a state of

hyperarousal, or a failure to de-arouse in order to allow for the onset of sleep. It may not

be meaningful to determine whether this arousal is physiological or cognitive as these

two measures of arousal may at times act together or overlap in the degree to which they

represent the same phenomenon (Perlis et al., 1997). There is evidence that

psychophysiological insomnia patients have altered physiological and cognitive arousal

at sleep onset. In addition, there is evidence that those with insomnia tend to be introverts

or have a tendency to worry (predisposing factors), which may interact with a stressful

life event (precipitating factor) bringing about the initial sleep problem. In turn, the

sleeper may engage in maladaptive coping strategies (perpetuating factors) which can

result in chronic insomnia.

Neurocognitive Model. The neurocognitive model, presented by Perlis et al.

(1997), builds upon the behavioural model in several ways. This model illustrates that

acute insomnia develops through precipitating events, that insomnia is maintained

through maladaptive coping strategies, and that chronic insomnia occurs through

conditioned arousal. In this model, however, the conditioned arousal is specifically
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thought to be central nervous system (CNS) arousal as evidenced by high frequency brain

activity (HFA). This brain activity is reflected in the beta (14-32 Hz) and gamma (>32

Hz) ranges and has been found to correlate with cognitive function, specifically lexical

processing (e.g., Pulvermuller, Lutzenberger, Preissl, & Birbaumer, 1995). Perlis et al.

(1997) claim that cortical arousal, around the time of sleep onset, is a central feature of

chronic insomnia. Further, these researchers propose that increased CNS arousal leads to

"enhanced sensory processing" (ability to identify information), "enhanced information

processing" (ability to retain information in short-term memory) and "enhanced long-

term memory function" (ability to encode and retrieve information), all ofwhich are

incompatible with sleep.

In acute insomnia, increased CNS arousal may occur as a result of worries at

bedtime due to a stressful life event. The person with insomnia may then engage in

maladaptive coping strategies such as excessive time in bed and staying in bed while

awake. In turn, sleep cues such as objects in the bedroom environment become elicitors

of increased CNS arousal. This conditioning results in chronic insomnia at which time

increased cortical arousal will occur in the absence of the original stressor. The

neurocognitive model suggests that increased CNS arousal, as reflected by HFA, permits

increased information processing which may interfere with sleep initiation or

maintenance. If the patient is more sensitive to environmental stimuli they will probably

have trouble falling asleep and getting back to sleep after awaking during the night.

Increased information/memory processing is also said to account for the subjective-

objective sleep discrepancies seen in psychophysiological insomnia patients.
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Insomnia patients tend to perceive polysomnographically defined sleep as wake

more often than good sleepers (Perlis et al., 1997). Insomnia patients claim that they were

awake when they were in fact sleeping about 73% of the time, whereas good sleepers

make this claim only about 45-50% of the time (Perlis et al., 1997). This discrepancy

varies relative to sleep stage, number of study nights, and method of awakening (Perlis et

al., 1997). Enhanced sensory and information processing at sleep onset may lead to this

misperception of sleep. If the individual is aware, to some extent, of what is going on in

their environment while they sleep, they may perceive this sleep as wakefulness. Perlis

stated that, "one of the cues for "knowing" that one is asleep or awake may be a lack of

awareness for events occurring during sleep" (Perlis et al., 1997, p. 183).

Many studies have shown that patients with insomnia tend to overestimate their

sleep-onset latency and underestimate their total sleep time (Perlis et al., 1997). Insomnia

patients commonly overestimate their sleep-onset latency by an extra 10-45 minutes and

underestimate their total sleep time by 30-45 minutes (Perlis et al., 1997). In contrast,

good sleepers are generally quite accurate at estimating their sleep-onset latency and total

sleep time (Perlis et al., 1997). Enhanced memory processing at sleep onset and during

awakenings may lead to these discrepancies in insomnia patients (Perlis et al., 1997).

Insomnia patients may be able to encode and retrieve information from the sleep-onset

period, which may influence their judgements the following morning regarding their

sleep. They may thus tend to overestimate the time it takes them to fall asleep, and the

duration of any night-time awakenings (influencing total sleep time judgements) (Perlis

etal., 1997).
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Perlis et al. (1997) stated that enhanced sensory processing might also explain

why those with insomnia perceive better treatment gains from hypnotics than is evident

through polysomnography. The hypnotics may improve subjective sleep by inhibiting

sensory processing during the sleep-onset period and during night-time awakenings. The

insomnia patient would thus be less aware of environmental stimuli. Indeed, research by

Mendelson (e.g., 1993, 1995) has found that insomnia patients taking hypnotics are less

likely to say they were awake when in actual fact they were asleep.

The neurocognitive model has the potential to further our knowledge about the

underlying mechanisms of insomnia. It goes beyond simple associations between arousal

and insomnia and implicates mediating links, such as increased information processing as

a causal link between HFA and insomnia (Perlis et al., 1997). The model also provides

explanations for various phenomena associated with psychophysiological insomnia such

as subjective-objective sleep discrepancies, and the subjective benefits of hypnotics.

When the neurocognitive model was first presented, only three studies had found

increased HFA in insomnia patients (Freedman, 1986; Jacobs, Benson, & Friedman,

1993; Merica & Gaillard, 1992). Since then, many additional studies have added further

support to this model. The following section is a summary of the studies linking high

frequency EEG activity to insomnia, as well as a study linking increased information

processing to insomnia.

The first study investigating HFA and insomnia was conducted by Freedman in

1986. This research team recruited sleep-onset insomnia patients and age-matched good

sleepers to investigate EEG activity prior to and during the sleep period. They found that

during pre-sleep wakefulness, the insomnia patients had more beta activity and less alpha
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activity than the normal sleepers reflecting greater arousal. As well, during Stage 1 sleep

the insomnia patients had more beta activity. There were no differences in EEG activity

in Stages 2, 3, or 4, but during REM sleep the insomnia patients once again demonstrated

increased beta activity compared to the good sleepers. Merica and Gaillard (1992)

investigated the sleep-onset period in insomnia patients and good sleepers and found that

those with insomnia had higher beta and lower delta power during the sleep-onset period

through to the beginning of Stage 2 sleep. Interestingly, the insomnia participants all had

sleep maintenance difficulties and only 4 (of 1 2) had additional sleep-onset complaints;

this suggests that any insomnia subtype may be associated with HFA during the sleep-

onset period. In a more recent study by the same authors (Merica, Blois, & Gaillard,

1 998), HFA was investigated throughout the entire night. The primary insomnia patients

were found to have more beta activity and less slow wave activity (delta EEG) in both

NREM and REM sleep compared to the good sleepers. The authors therefore concluded

that those with insomnia exhibit hyperarousal of the central nervous system during the

entire sleep period.

Lamarche and Ogilvie (1997) compared EEG during the sleep-onset period in

psychophysiological insomnia patients, psychiatric insomnia patients, and good sleepers.

There were no EEG differences between the psychiatric insomnia patients and the good

sleepers. The psychophysiological insomnia participants had a decrease in alpha activity

and an increase in beta activity in the pre-sleep period. The authors suggested that good

sleepers show a decrease in beta and alpha and an increase in delta and theta as they fall

asleep, and that these changes are compromised in those with insomnia. The

psychophysiological insomnia patients comprised of a mixture of sleep onset, sleep
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maintenance, and late insomnia patients. Thus, it is not clear which insomnia subgroup or

which combination of subgroups is responsible for the significant findings. In an

innovative study by Jacobs, Benson, and Friedman (1993), patients with sleep-onset

insomnia underwent a behavioural treatment program and were assessed on various

physiological measures pre and post treatment. EEG data was analyzed from the

immediate pre-sleep period. After treatment, those with insomnia showed decreased

sleep-onset latency and beta activity compared to their pre-treatment baseline. Although

they showed a decline in HFA with treatment, their beta levels were still greater than

those of the good sleepers. The authors suggested that decreased cortical arousal may

play an important role in reduced sleep-onset latency.

Perlis, Kehr, et al. (2001) examined HFA in primary and secondary insomnia, and

in good sleepers. These authors found that for all participants, HFA was greatest during

sleep onset and REM sleep. Further, delta activity appeared to be inversely related to beta

activity (when beta activity was high, delta activity was low). These HFA findings were

more extreme in the insomnia patients. Those with primary insomnia had increased beta

activity in Stages 1 , 2, slow wave sleep, and REM sleep, and increased gamma activity in

slow wave sleep and Stage 2 sleep. In addition, Perlis, Smith, Andrews, Orff, and Giles

(200 1
) found that patients with primary insomnia had increased beta and gamma activity

during NREM sleep compared to those with secondary insomnia and good sleepers. They

also found that beta activity was associated with the tendency to underestimate total sleep

time.

Krystal, Edinger, Wohlgemuth, and Marsh (2002), investigated EEG during the

sleep period (NREM Stages 2-4 and REM sleep) in sleep maintenance insomnia patients.
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paradoxical insomnia patients, and good sleepers. During NREM sleep, the paradoxical

insomnia patients exhibited increased alpha, sigma, and beta frequencies compared to the

good sleepers and sleep maintenance insomnia patients. The sleep maintenance insomnia

patients only had increased sigma activity compared to the controls; this suggests that

those with sleep maintenance difficulties may not exhibit increased HFA. Bastien,

LeBlanc, Carrier, and Morin (2003) investigated NREM EEG throughout the night in

older adults with insomnia. Their participants included drug free insomnia patients,

insomnia patients using benzodiazepines, and good sleeper controls. The medicated

participants exhibited less theta and delta than the controls; however, the drug free

insomnia patients did not differ from the controls. In a more recent study by Staner et al.

(2003), EEG activity was investigated during the pre-sleep period and first NREM period

of sleep in primary insomnia patients, secondary insomnia patients, and healthy controls.

Compared to the controls and the secondary insomnia patients, the primary insomnia

patients did not exhibit the gradual decrease of alpha and beta activity normally observed

during sleep onset. Thus, this patient population may not be able to disengage their

attention from the external environment, or perhaps they remain cognitively aroused to

their internal thoughts.

Cortical arousal in insomnia has also been investigated with the use of brain

imaging techniques. The first study of this nature was conducted by Smith et al. (2002)

using single photon emission computed tomography (SPECT). SPECT is a process

whereby a radioactive substance is put in the blood stream which identifies active areas

of the brain (Banich, 1997); the active sites can later be mapped onto EEG data (Smith et

al., 2002). Five sleep-onset insomnia patients and four good sleepers (all female) had two
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minutes of their 1

st NREM period (Stage 2 consolidated) sampled for analysis. Contrary

to prediction, the insomnia patients showed decreased metabolism compared to the good

sleepers. The authors stated that the unexpected results may have occurred because such a

small window of time was sampled (2 minutes) or because of the small sample size. In a

more recent study by Nofzinger et al. (2004), fMRI was used to investigate wake and

sleep in insomnia patients and good sleepers. Unlike the previous study by Smith et al.

(2002), longer time intervals were sampled. These consisted of a 20-minute morning

period (wakefulness) as well as a 20-minute period beginning 20 minutes after sleep

onset. The insomnia patients showed increased metabolism during wake and NREM as

well as a smaller decline in metabolism from waking to sleep compared to the controls.

While awake, the insomnia patients exhibited decreased metabolism in the pre-frontal

cortex indicating chronic sleep deprivation (Nofzinger et al., 2004). Those with insomnia

may thus have deficits in daytime functioning similar to what is seen in sleep deprivation

(e.g., trouble concentrating, performing complex tasks, etc).

There has only been one study specifically investigating information processing in

insomnia patients. Perlis, Smith, Orff, Andrews, & Giles (2001) examined memory for

words presented during sleep onset as well as during three additional induced

awakenings. Participants included five insomnia patients and four good sleeper controls.

These researchers found that at initial sleep onset, the insomnia patients recognized

significantly more words and that across all trials the insomnia patients tended to

recognize more of the words. These findings provide further evidence that those with

insomnia are hyperaroused and are processing external information to a great extent

around the time of sleep compared to good sleepers.
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The studies reviewed, which have investigated HFA during the sleep-onset period

and during sleep, present some evidence for cortical hyperarousal in primary insomnia.

There are, however, two unpublished studies that investigated HFA and did not find

insomnia patients to have increased beta/gamma activity. One of these studies was

conducted by Buysse in 2005 and the other was conducted by Perlis in 2005 (as cited in

Pedis, Pigeon, & Drummond, 2007). Further, two of the studies reviewed earlier (Krystal

et al., 2002; Bastien et al., 2003) also did not find HFA to be greater in insomnia patients.

There are indeed many inherent problems associated with using HFA as a measure of

cortical arousal. HFA can vary in association with trait characteristics and can be affected

by first night or reverse night effects, type of insomnia, sleep dept, technical variations in

recording procedures, circadian influences, and environmental noise (Perlis et al., 2007).

Perhaps then, a better approach exists which would allow one to more directly explore

CNS arousal while avoiding many of the possible problems associated with HFA. Brain

imaging techniques such as fMRI presented in the study by Nofzinger et al. (2004) seem

promising, although just like the EEG studies, require the assumption that CNS

hyperarousal is indicative of general increased sensory/information processing; no task is

used which directly assesses the processing of information (Perlis et al., 1997).

A more ideal method would be to assess brain response to stimuli presented

during the sleep-onset period or during varying depths of sleep throughout the night. In

Perlis et al.'s 1997 article describing the neurocognitive model of insomnia, they

suggested using an event-related potential (ERP) "oddball" paradigm to examine if

sensory/information processing is indeed increased in insomnia patients compared to

controls. This task would be ideal, even if the participants could no longer overtly
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respond to the target in Stage 1 or Stage 2 sleep, the ERPs would still reflect the extent of

processing.

Information Processing in Wakefulness and Sleep

Event-Related Potentials (ERPs). ERPs have been in use since the 1960s (Handy,

2005) and provide a non-invasive method for investigating brain function (Fabiani,

Gratton, & Coles, 2000). "An 'event-related potential' or ERP is an electrical change

recorded from the brain in association with something that occurs either in the external

world or within the brain itself (Picton, Lins, & Scherg, 1995, p. 3). More specifically,

ERPs occur as time-locked responses of brain activity following an external or internal

event (Fabiani et al., 2000). ERPs can be used to assess the timing of various perceptual

and psychological processes as well as provide clues as to where in the brain these

activities take place. External events that elicit ERPs include those in all sensory

modalities such as auditory tones, somatosensory sensations, and visual stimulation

(Fabiani et al., 2000).

The ERP waveform is quantified in terms of the amplitude and latency of its

various peaks and troughs (Picton et al., 1995). These peaks and troughs are referred to as

"components" and are often named according to their latency and polarity (Fabiani et al.,

2000). For example, the P300 is labelled as such because it is a positive deflection that

occurs approximately 300 ms after the stimulus (when the stimulus discrimination task is

easy). However, different nomenclature may be used more generally when the latency is

not known. For example, "P3" refers to the third positive peak that appears following an

event (Fabiani et al., 2000). There is no clear consensus regarding the meaning of the

term component. Some argue that components should be thought of as a reflection of a
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specific underlying cognitive process (e.g., Donchin, 1981), whereas others maintain that

components should be defined in terms of their underlying brain source (e.g., Naatanen &

Picton, 1987). Because single peaks or components recorded on the scalp can result from

various brain sources or psychological processes working together, the scalp recordings

themselves are insufficient to infer intra-cranial sources of the potentials (Handy, 2005).

Brain sources can be inferred through a technique known as source localization. This

process employs complex mathematical modelling using multiple-channel recording

arrays (e.g., 256 channels) to estimate the location of the source of a given potential

(Handy, 2005). The use of the term "component" provides a common language for

researchers, can be linked to various psychological processes, and can be used to

compare different experimental conditions (Handy, 2005; Picton et al., 1995). Thus, the

terms peak and component will be used interchangeably in this thesis and no knowledge

of specific source is implied.

The early components, occurring less than 1 ms after a stimulus, are referred to

as sensory components (Fabiani et al., 2000). These components vary in shape and

location according to the sensory modality of the stimulus event (Fabiani et al., 2000). In

the auditory modality they are thought to reflect responses in the cochlea and brainstem

(Naatanen, 1990) and are not influenced by cognitive processes (Fabiani et al., 2000).

The middle latency components occur between 10-50 ms and are thought to be mainly

affected by the physical characteristics of the stimulus. There is also some evidence that

these components are affected by attention (Muller-Gass & Campbell, 2002). Some

studies have found their amplitude to decrease from waking to sleep states (e.g.,

Osterhammel, Shallop, & Terkildsen, 1 985). The late components occur at least 50 ms
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after a stimulus event (Naatanen, 1990). The earliest of the late components include the

P1-N1-P2-N2 complex. In a simple auditory task, PI peaks at about 50-75 ms, Nl at 80-

100 ms, P2 at 175-225 ms, and N2 at 250-300 ms (Campbell, Bell, & Bastien, 1992).

These components are thought to be influenced by attention (Muller-Gass & Campbell,

2002) as well as by the physical characteristics of the stimulus (e.g., Campbell, McGarry

& Bell, 1988).

ERPs are recorded in much the same way as EEG, using electrodes that are

attached to the scalp (Picton et al., 1995). Quantifying ERPs, however, requires

additional procedures. The ERP waveform or signal is very small in amplitude and

therefore must be extracted from the background EEG or "noise" (Fabiani et al., 2000).

The ratio of the ERP waveform to the background noise is termed, "signal-to-noise

ratio". The most common method for extracting the ERP involves obtaining many trials

of ERPs that occur in response to a specific stimulus and averaging these together

(Fabiani et al., 2000). Increasing the number of trials included in the average will

improve the clarity of the signal of interest (the ERP). The larger the noise (e.g., SWS

contains delta waves >100 uV) and smaller the signal (e.g., Nl vs. P300), the more trials

that will be needed. For recording in wakefulness, Handy (2005) recommends 30-60

trials for the averaging of large waveforms (e.g., P300), 150-200 trials for medium sized

waveforms (e.g., N2), and 400-800 trials for small waveforms (e.g., PI).

A factor that will influence the amount of trials available for averaging is the

degree of artifact in the data. Artifacts are systematic alterations of the background EEG

that occur in the same timeframe as the stimulus and therefore do not get reduced through

averaging (Handy, 2005). Artifacts may be created by muscle movements (e.g., eye
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blinks in response to the stimulus), electrocardiographic (heart beat) activity, or by the

recording instrumentation itself. There are two techniques used to eliminate artifacts. One

of these involves the deletion of trials that contain artifacts. This technique must be used

carefully because if too many trials are deleted, there may not be a sufficient number

remaining for averaging. An alternative technique involves using algorithms to remove

artifacts from affected trials and then retaining these trials for averaging. Such automatic

artifact correction procedures must also be used carefully so that none of the actual signal

is removed (e.g., when the signal and artifact overlap in time and space).

The Oddball Paradigm. In 1965, Sutton, Braren, Zubin, and John conducted a

series of experiments in which they presented participants with a cueing stimulus (clicks

or flashes of light) followed by a test stimulus. In the "certain" condition, the test

stimulus was always identical to the cue (e.g., clicks followed by clicks), whereas in the

"uncertain" condition the test stimulus was not necessarily the same as the cue. These

researchers described a large positive wave that was evoked in the uncertain condition

that occurred approximately 300 ms post-stimulus. This P300 waveform has since been

extensively investigated, mainly with the oddball paradigm, which most reliably

generates this component (Picton, 1992).

In the classic oddball paradigm, the participant is presented with a series of

standard tones among which a deviant tone is presented randomly. Often the deviant is a

change in pitch relative to the standard tone (e.g., standard = 1000 Hz, deviant = 1500

Hz), but it could be a change in any physical characteristic of the stimulus (e.g., intensity,

duration). The participant is instructed to signal his/her detection of this deviant target

with a button press or by simply counting the number of deviant/target stimuli (e.g.,
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Picton & Hillyard, 1974; Donchin, 1 98 1 ; Duncan-Johnson & Donchin, 1977; Picton,

1992). Nl and P2 components are elicited to the standards and deviants regardless of

attention whereas the P300 is only elicited to the deviant targets that are detected (e.g.,

Picton & Hillyard, 1974). Even if the participant is not attending to the task, a target tone

that is sufficiently loud and rare can result in a P300 (e.g., Cote, Etienne, & Campbell,

2001; Putnam & Roth, 1990); this is probably due to an involuntary switching of

attention to the salient target (i.e., forced attention) (Cote, 2002).

Nl, P2 and Processing Negativity. The auditory oddball paradigm has been

extensively investigated during wakefulness. Many studies have employed either separate

ignore and attend conditions or a condition in which the participant attends to stimuli in

one ear while at the same time ignoring stimuli from the opposite ear. In general these

studies have found that in attend conditions, Nl is larger and P2 is smaller in amplitude

compared to ignore conditions (e.g., Carpenter, De Chicchis, Cranford, Hymel, 2001; De

Chicchis, Carpenter, Cranford, Hymel, 2002). These results provide evidence that Nl and

P2 are not only affected by stimulus features, and that additional processes are engaged

that contribute to the enhanced Nl and attenuated P2.

The term "selective attention" refers to the process whereby an individual may

attend to and process pertinent information in the environment while ignoring

unimportant information (Naatanen, 1990). Naatanen (1982) described that selective

attention to stimuli was associated with a slow, negative, endogenous brain potential

occurring at approximately 50-150 ms post-stimulus, termed processing negativity (PN).

Because PN overlaps in time and space with N 1 and P2, attention to a stimulus causes N

1

to become more negative and P2 less positive (Muller-Gass & Campbell, 2002).
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Naatanen (1982) explained that when stimuli are attended to, an "attentional trace" is

created; this is the result of the voluntary rehearsal of the relevant target stimulus by the

participant. When subsequent stimuli are presented, they are compared with the

previously established attentional trace; this cognitive comparison results in the

processing negativity waveform.

Nl is believed to be mainly generated in the supratemporal region of the auditory

cortex (e.g., Alain, Woods, & Covarrubias, 1997; Atienza, Cantero, & Escera, 2001) and

is thought to reflect the encoding of various features of a stimulus such as frequency and

intensity. This component has been said to reflect an "attentional switching" to the

stimulus (Atienza et al., 2001). It has been suggested that P2 allows for stimulus

identification (Garcia-Larrea, Lukaszewicz, Mauguiere, 1992). In addition, the gradual

increase in amplitude seen in the P2 component during sleep onset is thought to reflect

inhibition of processing, or a withdrawal of attention from the environment (Crowley &

Colrain, 2004). Like Nl , P2 is thought to be generated in the auditory cortex. The P2,

however, is believed to have different generators than the N 1 . Crowley and Colrain

(2004) reviewed evidence from magnetoencephalographic and EEG studies suggesting

that the P2 generators are located in the planum temporale and the auditory association

cortex.

The P300 peaks at 300 ms in healthy adults if the target is easy to discriminate,

but can peak anywhere between 200-800 ms (Picton, 1 992). In circumstances when the

discrimination between target and standards becomes more difficult, the amplitude of the

P300 will be smaller and its latency will be delayed (Picton, 1992). The amplitude of the

P300 also varies as a function of the probability of the target; the more rare the target, the
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larger the P300 peak (Duncan-Johnson & Donchin, 1977). In the oddball paradigm, the

P300 is consistently seen to be maximal at the parietal areas of the scalp (e.g., Donchin &

Coles, 1988; Vaughan and Ritter, 1970). It is not clear where the P300 originates within

the brain. In Picton's review (1992), he summarizes the literature pertaining to the

generation of the P300 and concludes that there are most likely several generators and

that the areas involved are probably the "polymodal association areas of the frontal,

parietal, and temporal lobes and the limbic system" (Picton, 1992. p. 472).

The function of the P300 is not known, but is commonly thought to reflect context

updating in short-term memory (Donchin, 1981; Donchin & Coles, 1988; Polich & Kok,

1995). The context-updating hypothesis suggests that the standard tone creates a memory

template and when the deviant is heard, this template must be changed. This theory has

gained support from numerous studies providing evidence that better memory

performance is associated with larger amplitude P300s (Polich & Kok, 1995). Cote

(2002) suggests that in general, the appearance of the P300 indicates that conscious

detection of the target stimulus has taken place and that this can then be followed by an

overt response, decision making, or context updating.

Polich and Kok (1995) review studies indicating that P300 latency and amplitude

are altered by arousal level. They describe the factors contributing to arousal, such as

natural (e.g., body temperature, menstrual cycle) and environmental (e.g., food

consumption, exercise). Their review of the literature indicates that when arousal is

increased, P300 amplitude increases, and P300 latency decreases. The authors summarize

that the arousal factors affect the central nervous system which then in turn affects P300

activity.
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Event-related Potentials and Sleepiness. In the waking state, ERPs change in a

systematic and predictable manner with experimental manipulation of attention (e.g.,

attend/ignore conditions; selective attention experiments). Another way to investigate

brain responses related to attention is to examine ERPs during varying levels of arousal,

e.g., following sleep restriction or deprivation. There have been several studies

investigating the effects of sleep disruption on waking information processing using

ERPs. These studies have typically used the auditory oddball paradigm or variations of

this paradigm and have deprived participants of one to two nights of sleep (18-48 hrs of

wakefulness) (e.g., Gauthier & Gottesman, 1983; Krull, Smith, Sinha, & Parsons, 1993;

Peeke, Callaway, Jones, Stone & Doyle, 1980).

Both the Nl and P2 components change as a result of sleep deprivation. Many

studies have reported that Nl latency increases following sleep deprivation (Gauthier &

Gottesman, 1983; Krull et al., 1993; Peeke et al., 1980) probably reflecting an increase in

the time needed to evaluate and encode the stimulus. Gauthier and Gottesman (1983) also

noted reductions in Nl amplitude following sleep deprivation, while one study found no

change to Nl latency or amplitude following sleep deprivation (Lee et al., 2004). P2 has

been reported to increase in latency (Peeke et al., 1980) or maintain the same latency with

sleep deprivation (Gauthier & Gottesmann, 1983; Lee et al., 2004). P2 has also been

found to decrease in amplitude (Gauthier & Gottesmann, 1983) or increase in amplitude

(Lee et al., 2004; Peeke et al., 1980) following sleep deprivation. Further, longer P2

latency due to sleep deprivation has been correlated with subjective sleepiness and an

increase in P2 amplitude following sleep deprivation has been correlated with negative

mood, fatigue, and anxiety (Lee et al., 2004). The discrepancies in the Nl and P2 findings
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may be explained by a number of factors, including degree of sleep loss, signal-to-noise

ratio, peak-to-peak or peak-to-baseline measurement, task difficulty, or masking effects

such as increased motivation (Bonnet, 2005; Lee, Kim, & Suh, 2003).

The results of studies examining the P300 following sleep loss have been more

consistent. Sleep deprivation consistently leads to both a delay in latency and reduction in

amplitude of the P300 component (Gosselin, De Koninck, & Campbell, 2005; Lee et al.,

2003; Lee et al., 2004; Morris, So, Lee, Lash, & Becker, 1992). The increased latency

and decreased amplitude of the P300 has been correlated with decreased vigilance (Lee et

al., 2003), increased reaction time (Lee et al., 2003), elevated fatigue ratings (Morris et

al., 1992), and increased subjective sleepiness (Lee et al., 2004). The delayed latency of

the P300 may reflect increased time to discriminate the target from the non-target stimuli

(e.g., Gosselin et al., 2005). Further, the decreased amplitude of the P300 may indicate

that the participant is paying less attention to the stimulus (e.g., Lee et al., 2003).

Lee et al. (2003) reported marked changes to ERPs following total sleep

deprivation, in the absence of any behavioural decrements on a complex task (i.e., P2

latency delay and amplitude increase; P300 latency delay and amplitude reduction).

Similarly, Cote, Milner, Osip, Ray and Baxter (2003) reported deficits in information

processing (decreased Nl amplitude) with intact performance following sleep

fragmentation. This study showed that early information processing was impaired

following very subtle degrees of sleep disruption. Together, these studies demonstrate

that ERPs may be sensitive markers of neurophysiological deficits following sleep loss

that are not always evident in behavioural measures.
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Event-related Potentials at Sleep Onset and During Sleep. The sleep-onset period

is characterized by systematic changes in arousal and attention, which may be tracked by

measures of behaviour (e.g., response time) or physiology (e.g., EEG, respiration)

(Ogilvie, 2001). The dramatic changes to arousal occurring during this period make it an

ideal time for assessing changes in information processing and attention using ERPs

(Campbell et al., 1992).

Studies investigating the brain's response to auditory stimulation during sleep

began as early as the 1930s. Davis et al. (1939) observed the large amplitude K-complex

which appeared following auditory stimulation. They noted that K-complexes also

appeared in response to the snores of the sleeper, or for no apparent external cause. K-

complexes are not considered to be ERPs per se because they are extremely large events

(>100 uV) and they are only evoked approximately 50% of the time following auditory

stimulation (Bastien, LaDouceur, & Campbell, 2000). With advancing understanding of

EEG technology and use of computers, researchers began using the ERP averaging

technique (described in depth by Dawson, 1954). Some of the studies using this

technique examined the early or sensory potentials (<10 ms post stimulus) during the

transition from waking to sleep and found them to be unaltered during this transition

(e.g., Amadeo & Shagass, 1973; Campbell & Bartoli, 1986; Deacon-Elliott, Bell, &

Campbell, 1987). Others have investigated the mid-latency potentials and have found

equivocal results; with slow presentation rates these potentials have remained unaltered

with sleep, whereas with fast presentation rates these potentials have been shown to

decrease in amplitude with sleep (Campbell et al., 1 992). Moreover, with low tone or
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click intensity (30 dB), the mid-latency components have also been found to decrease

with sleep (Osterhammel et al., 1985).

The long latency potentials have shown relatively consistent changes from waking

to sleep in healthy participants and have thus been the focus ofmany investigations.

Williams, Tepas, and Morlock (1962) used auditory "clicks" to investigate ERPs from

waking through sleep. These researchers found that as the sleeper progressed from wake

through to Stage 4, Nl and P2 both decreased in amplitude whereas the N350 (they

termed "N2") increased. Contrary to this, Weitzman and Kremen (1965) found that the

components Nl and P2 did not change from waking through sleep. They did, however,

report the presence of two components during NREM sleep, which they labelled N2 and

P3; these peaked at 350 and 900 ms respectively. These components increased in

amplitude through to Stage 4 sleep. In 1 967, Ornitz, Ritvo, Carr, La Franchi, and Walter

conducted a study investigating ERPs during sleep onset in children and adults using

auditory clicks. The sleep component, N350 (they termed "N2") had the greatest

amplitude within 10 minutes before or after the first sleep spindle. The authors suggested

that the N350 may thus reflect a process acting to inhibit external sensory processing and

allow for the onset of sleep.

Contradictory results in some of the older studies (i.e., N1-P2 changes) may be

explained by several factors. All the studies mentioned above used overhead speakers to

deliver their stimuli. This could have resulted in non-constancy of sound depending on

the sleeper's position. Some of these studies also used amplitude measurements from

peak-to-peak opposed to baseline-to-peak, the latter of which more accurately reflects

changes in individual components (Campbell et al., 1992). Later studies have
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incorporated insert earphones to deliver stimuli, as well as baseline-to-peak

measurements.

Campbell et al. (1988) presented participants with 1000 Hz tones every 2.2 s

while awake and during Stages 2, 3, 4, and REM sleep. Tone intensity was varied in 10

dB increments from 60-100 dB. During waking, as tone intensity decreased, the

amplitude ofNl also decreased. The Nl component had a reduced amplitude in all sleep

stages compared to waking, and P2 increased in amplitude in Stage 2 and SWS.

Compared to all other sleep stages, Nl had its highest amplitude and P2 had its smallest

amplitude during REM sleep. The authors concluded during REM sleep processing

negativity (PN) is acting to a greater extent than during the other sleep stages; REM sleep

is thus thought to allow for higher levels of information processing than NREM sleep.

Noldy, McGarry, and Campbell (1988) investigated the transition from

wakefulness to sleep in two experiments (5 participants). The first experiment was

limited to two scalp sites, whereas the second incorporated multiple sites. Trains of 1000

Hz tones were delivered and participants were to press a button indicating when the trains

of tones began and when they ended. The participants were awakened 10 minutes after

their first spindle or K-complex and then permitted to fall back asleep. This procedure

was repeated three times (three sleep onsets). Unlike the previous ERP investigations,

this study incorporated behavioural measures (i.e., button press, reaction time). In

addition, the analyses were based on behavioural responsiveness. As behavioural

responsiveness decreased, reaction time increased, Nl amplitude decreased, and the

N350 (which they termed N2) amplitude increased. The P2 component increased in some

participants but decreased in others. The results of the second experiment were similar
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except that P2 significantly increased in amplitude and the N350 tended to increase in

amplitude as participants fell asleep. The investigators also noted that very few responses

occurred during Stage 2 sleep. Unlike the earlier studies, this study incorporated a

"multiple awakenings" procedure. This procedure allows enough data to be obtained for

reliable averaging of ERPs from the short duration Stage 1 state. As well, by

incorporating behavioural measures, this study was able to link slowed behavioural

responses to altered ERP morphology.

Segalowitz, Ogilvie, and Simons (1990) examined ERPs during the sleep onset-

period by investigating differing rates of behavioural responsiveness. Behavioural

responsiveness was binned according to reaction time with the fastest reaction times

being put into "bin 1 " to no response being put into "bin 5" (also defined as behavioural

sleep). A 1000 Hz tone was played to participants, which occurred randomly between 5

to 50 seconds. The participants signalled the detection of the tones by pressing a button.

These researchers found that the latencies ofNl, P2, N3 (N350), and P300 did not vary

with decreasing reaction times. The amplitude ofNl did not significantly differ across

the first 4 bins, but Nl decreased in bin 5 (none responses). The amplitudes of the P2 and

N350 components increased with increasing reaction times. The amplitude of the P300

decreased with slowing reaction times in bins 3, 4, and 5. This study used a repeated

awakenings procedure, however, recordings were only taken from sites C3 and C4 and

sleep stages were not classified.

In 1991, Ogilvie, et al. presented participants with tones (1000 Hz) as they lay

down to fall asleep. Participants were required to press a button to stop the tones

(maximum duration 5 sec), signalling wakefulness. Sleep onset was defined as the point
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at which the participant missed three tone detections, which usually occurred during later

stage 1 to earlier Stage 2 sleep. A repeated sleep-onset procedure (4-5 sleep onsets) was

used in order to obtain enough trials from each stage. The amplitude ofNl decreased as

sleep approached and there was almost a complete loss of this component at sleep onset.

There was no significant change in the P2 component. The P300 was also evident in

wakefulness. As sleep approached and reaction time slowed, the P300 decreased in

amplitude. Although the researchers did not use the oddball paradigm, they indicated that

because their procedure required a button press to standard tones with varying inter-

stimulus intervals, it may have partly mimicked the circumstances in which the P300 is

elicited. It is not clear whether this positivity was a "true" parietally maximal P300

because recordings were only taken from central sites (C3, C4).

Salisbury, Squires, Ibel, and Maloney (1992) incorporated an oddball paradigm to

investigate if the P300 could occur during sleep. The tones presented were either 250 Hz,

40 dB or 3000 Hz, 60 dB. ERPs were recorded from midline sites only. Two counter-

balanced conditions were employed. In one condition the higher pitched/louder tone was

the target, and in the other condition the lower pitched/quieter tone was the target (target

p = 0.1, standard p = 0.9). The tones were presented pre-sleep while participants read a

book (ignore condition) and during sleep after the first K-complex appeared (only Stage 2

analyzed). The P300 and N350 appeared for the rare higher pitched/louder tone. The

P300 had a smaller amplitude in Stage 2, but had the same posterior topography as in

wakefulness. The authors concluded that P300 can occur in sleep as an automatic process

to detect deviance. Because the present study used the Rechtschaffen and Kales (1968)

sleep scoring criteria (scoring in 30 s epochs) it is also possible that micro arousals or
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state changes to Stage 1 occurred to the deviants during the long scoring epoch. The

deviants used were higher pitched (3000 Hz) than those generally used in the oddball task

(1200 - 2000 Hz) and therefore perhaps more disruptive. In addition, is also possible that

the P300 elicited in Stage 2 was not a true P300 as its amplitude was below baseline

value (negative); the authors suggest that this was because of the overlap of the N350.

Harsh, Voss, Hull, Schrepfer, and Badia (1994) investigated ERPs during the

sleep-wake transition using the classic oddball paradigm (standard = 1000 Hz, p = .80,

deviant = 1 500 Hz, p = .20). Recordings (Fz, Cz, Pz) were performed during attend and

ignore conditions during wakefulness, as well as during a single sleep-onset period (until

10 minutes into Stage 2) of an afternoon nap. When the participants responded to the

targets (finger lift), a parietal maximal P300 was evident in wakefulness and in Stage 1

sleep. The latency of the P300 increased as participants passed from wakefulness to Stage

la (alpha in 50-80% of the epoch) and its amplitude was reduced in Stage lb (traditional

Stage 1 sleep). No P300 was evident in Stage 2 sleep (response rate only 4%). A complex

consisting ofN350 and P450 appeared to the standards and targets as the participants fell

asleep (Stage 1). An N550 and P900 (K-complex) also became evident in Stage 2 sleep

(but these trials were not used in analyses).

The use of an overt behavioural response (finger lift) in the present study

provided evidence that the P300 is associated with conscious detection of the deviant.

The results of the Harsh et al. (1994) study should be interpreted with caution as the

recordings took place during a single afternoon nap following a night of sleep restriction

(participants decreased their sleep by 3 hours). Unlike the previous two studies

investigating Stage 1 (Noldy et al., 1988; Ogilvie et al., 1991), repeated sleep onsets were
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not used. ERP averages were thus probably based on a smaller number of trials making

them less reliable. One strength of the Harsh et al. (1994) study was that trials containing

K-complexes were removed from analyses allowing for more accurate ERP averages in

Stage 2 sleep.

Niiyama, Fujiwara, Satoh, and Hishikawa (1994) used a standard oddball

paradigm (standard = 1000 Hz, p = .80; deviant = 2000 Hz, p = .20) requiring a button

press to investigate the sleep-onset period. ERPs were recorded in a 1 -hour wake

condition before sleep, during the sleep-onset period, and throughout the night (only one

sleep onset was employed). Unlike the earlier studies, a dense electrode array was used

(21 sites) allowing for a more precise characterization of the topography of ERP

components. In addition, Stage 1 was divided into Stage la (alpha disappearance) and

Stage lb (vertex sharp waves occurring). A P300 was found during wake and Stage la

when participants responded to the deviant tone. Interestingly, a parietal maximum P300

was also evident in Stage lb and REM sleep when participants failed to respond to the

deviant. The amplitude of this P300, however, was much attenuated (wake = 9.9 uV,

Stage lb = 5.0 uV, REM = 3.0 uV). The same 6 participants of 8 had P300s occur in

Stage lb and REM sleep. The researchers offered 100 dollars to those who could respond

during sleep, which may have made these 6 participants more attentive to the tones. The

above study also excluded trials that generated K-complexes.

Bastuji, Garcia-Larrea, Franc, and Mauguiere (1995) used the classic oddball

paradigm (standard = 1000 Hz, p = .90, deviant = 2000 Hz, p = .10) to record ERPs

during pre-sleep and post-sleep wakefulness (requiring mental counting of the deviant)

and throughout sleep (beginning in Stage 1). Only one sleep onset period was
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investigated and a relatively dense electrode array (19 sites) was used. In Stage 1 sleep,

Nl and P2 increased in latency compared to waking. Nl also decreased in amplitude

from wake to Stage 1 (significant decrease for standard, trend for deviant) with a further

decrease in Stage 2 (significant reduction for both tone types compared to wakefulness).

In addition, P2 increased in amplitude from wake to Stage 2 for the target tone. The P300

occurred to the target tones in Stage 1 sleep and had a parietal maximum peak, although

it was attenuated at frontal sites and had delayed latency (wake = 344 ms, Stage 1 = 438

ms) and smaller amplitude (wake =11.1 ms, Stage 1=6.1 ms).

The reduced amplitude may be because the oddball paradigm required mental

counting of the target tones and no overt response such as a button press. It is thus not

possible to determine when the participants were conscious of the target during Stage 1

sleep. The result of the decreased amplitude may therefore be due to an averaged P300

including conscious detections as well as trials where the target was not detected (trials

with an absent P300) (Cote et al., 2002). The P300 was not elicited in Stage 2 or slow-

wave sleep, however, the N350 was evident in these states. In REM sleep, the ERPs

elicited were similar to those in wakefulness. A P300 occurred in all subjects, but only to

73% of the deviant tones. Its latency was prolonged (wake = 344 ms, REM = 445 ms)

and its amplitude was reduced compared to the P300 seen in waking or Stage 1 (wake =

1 1.1 uV, Stage 1 = 6.1 uV, REM = 3.6 uV). In addition, the topography of the REM

P300 was similar to that of Stage 1 (parietal maximum, without the frontal component).

The Niiyama et al. (1994) study, which also found a P300 during REM sleep, used the

same stimulus parameters for their deviant tone (p = .10, 2000 Hz). Thus, in both of these
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studies the deviant may have been rare enough to intrude into consciousness during REM

sleep resulting in a P300 (Cote et al., 2002).

In 1996, de Lugt, Loewy, and Campbell used a 3-pitch oddball paradigm (1000

Hz, p = .80, 1 100 Hz, p = .10, 2000 Hz, p = .10) to investigate ERPs through sleep onset

and into SWS (five repeated sleep onsets were employed). This study differed from the

earlier ones in that it used rapid rates of stimulus presentation (inter-stimulus-interval =

600 ms) so that the standard stimuli could be more easily ignored. Only the data for the

standards were presented. Nl amplitude decreased and P2 amplitude increased as the

participants fell into Stage 1 sleep. In addition, the Nl and P2 latencies did not change

from waking to Stage 1 sleep, although they tended to increase through Stage 2 and SWS.

The authors concluded that Nl and P2 are not themselves affected at sleep onset per se,

but that the removal of the processing negativity waveform at sleep onset results in their

alteration. In addition, the findings indicate that even with faster presentation rates, the

Nl and P2 still consistently change from wake to sleep.

In 2000, Colrain, Di Parsia, and Gora investigated ERPs during sleep onset using

an oddball paradigm requiring mental counting of the target tones. A repeated sleep-onset

procedure was used (up to eight) as well as a dense electrode array (29 sites). Two

deviant tones were employed, one higher pitched and one lower pitched (standard = 1 000

Hz, p .60; deviant 2000 Hz, p = .20; deviant = 500 Hz, p = .20). Responses to tones

during Stage 1 were categorized as occurring in either Stage 1 alpha or Stage 1 theta.

This categorization was based on the predominant EEG activity occurring within the

second before the ERP response was elicited. Regardless of tone type, the amplitude of

Nl decreased from wake to Stage 2, with the significant decrease occurring from theta to
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Stage 2. Nl latency remained the same. The amplitude of P2 appeared to increase from

wake through to Stage 2 sleep, although this finding was not significant. The latency of

P2 increased from theta to Stage 2. The amplitude of the N350 significantly increased

from alpha to theta sleep and tended to show a larger response to the target tones. During

wakefulness, both deviants and standards elicited a P300 response. The authors suggest

this may have occurred because three tones were used which had close probabilities (i.e.,

p = .60, .20, .20). Each of the tones may have thus seemed like a deviant for the

participants. Once participants reached theta sleep (i.e., Stage lb), the P300 did not occur.

The N550 appeared once Stage 2 was reached (K-complexes were not removed from

analyses). This study specifically looked at EEG spectral characteristics in the one second

before the ERP response to more accurately bin ERPs according to state. The authors

suggested that theta activity represents a switch to sleep ERPs and a disengagement with

the external environment. As with the Bastuji et al. (1995) study, this study used mental

counting of the deviant as opposed to a behavioural response, which makes it impossible

to separate trials on the basis of target detection.

Sekine et al. (2001) examined ERPs from wakefulness through to Stage 1 sleep

specifically to investigate the N350 (only a single sleep onset was used). A multiple

channel recording was performed (21 sites), although P300 was only analyzed from Pz.

An oddball paradigm was used (standard = 1000 Hz, p = .80; deviant = 2000 Hz, p = .20)

requiring a button press to the deviant tone. Each two seconds were scored as either

wake-1 (fully awake), wake-2 (light drowsiness- e.g., a decrease in alpha activity), Stage

1 a (Stage 1 without vertex sharp waves) or Stage 1 b (Stage 1 with vertex sharp waves).

Participants responded to the deviant in wake-1, wake-2 and Stage la, but were rarely
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able to respond in Stage lb. The amplitude and latency of the P300 did not change from

wake-1 to light drowsiness. The study did not report if there were any P300 changes from

wake to stage la or from light drowsiness to stage la. In wake-2, both tones generated an

N350 and as the participants moved deeper into sleep, the amplitude of the N350

increased consistent with Colrain et al. (2000) and Weitzman and Kremen (1965). Sekine

et al. (2001) concluded that the N350 is not dependent on the physical properties of the

stimulus and argued that it may actually be reflecting the vertex sharp wave; the N350

and vertex sharp waves were both found to be maximum over the vertex with a peak

latency of approximately 300 ms. Like the study by Niiyama et al. (1994), this study

divided Stage 1 based on the presence of vertex sharp waves. As well, similar to the

Colrain et al. (2000) study, this study looked at the immediate EEG state at the time of

the ERP. These types of analyses provide evidence that Stage 1 sleep can result in very

different ERPs depending on whether vertex sharp waves are present.

Cote et al. (2002) conducted a study using the oddball paradigm (standard = 1000

Hz, p - .96; deviant = 1 500 Hz, p = .04) requiring a button press to investigate ERPs

throughout the sleep-onset period (10 to 15 repeated sleep onsets were employed).

Recordings were taken from 29 scalp sties. The amplitudes ofNl and P2 were the same

in waking and Stage 1 for detected targets. For undetected targets in Stage 1 sleep, the

amplitude ofNl tended to decrease and the amplitude of P2 increased. A parietal

maximum P300 appeared in waking and in Stage 1 , but only for detected targets and the

frontal distribution was significantly attenuated in Stage 1 sleep. Half of the targets were

identified during Stage 1, whereas almost none of the targets were identified during Stage

2. The authors claimed that because detected targets during Stage 1 sleep resulted in a
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large and parietal maximum P300, participants were able to maintain consciousness to

some extent during this stage of sleep. Unlike some of the previous studies, Stage 1 was

not divided up based on the presence or absence of vertex sharp waves. It may be that

consciousness can only be maintained before vertex sharp waves occur. This is suggested

by Niiyama et al. (1994) and Sekine et al. (2001) who found an abrupt decline in

behavioural responsiveness when vertex sharp waves appeared.

In the above reviewed studies it is evident that changes in the auditory ERP

waveforms take place during the transition from waking to sleep. It is commonly seen

that as one transitions from wakefulness to sleep (Stages 1-2), the Nl component

decreases in amplitude (Bastuji et al., 1995; Campbell et al., 1988; Colrain et al., 2000;

Cote et al., 2002; Noldy et al., 1988, Ogilvie et al., 1991; Segalowitz et al., 1990). There

have also been changes found in P2 during the wake-to-sleep transition. Most studies

have found an increase in P2 amplitude during the transition to sleep (Bastuji et al., 1995;

Campbell et al., 1988; Cote et al., 2002; Noldy et al., 1988; Segalowitz et al., 1990), or a

tendency for this increase (Colrain et al., 2000), whereas others have found no increase

(Ogilvie et al., 1991). Some have also found latency increases of the Nl (Bastuji et al.,

1995) and P2 components (Bastuji et al., 1995; Colrain et al., 2000; Cote et al., 2002).

The decrease in Nl amplitude and increase in P2 amplitude seen in many of these studies

is what is expected due to the removal of the PN waveform (Muller-Gass & Campbell,

2002).

One of the most consistent findings in the sleep-onset ERP studies is that the P300

can be elicited in Stage 1 sleep (Bastuji et al., 1995; Colrain et al., 2000; Cote et al.,

2002; Harsh et al., 1994; Niiyama et al., 1994; Ogilvie et al., 1991), whereas it cannot be
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elicited in Stage 2 sleep (Bastuji et al., 1995; Cote et al., 2002; Harsh et al., 1994). In

general, the amplitude of the P300 appears reduced in Stage 1 compared to waking

(Bastuji et al., 1995; Cote et al., 2002; Harsh et al., 1994; Niiyama et al., 1994); one study

specifically found that this decrease occurred from Stage la to Stage lb sleep (Niiyama et

al., 1994). This reduction has also been reported at frontal sites specifically (Bastuji et al.,

1995; Cote et al., 2002). Only one of the reviewed studies found an increase in the

latency of the P300 during the transition to sleep (Harsh et al., 1994). Two of the

reviewed studies also found behavioural responsiveness to abruptly decline from Stage 1 a

to Stage lb sleep (Niiyama et al., 1994; Sekine et al., 2001).

Some of the sleep onset studies above have also investigated the various sleep

EPvPs in late Stage 1 and early Stage 2 (N350, P450, N550, P900). As one falls asleep

(wake to Stage 1 or Stage 2), the N350 appears (Harsh et al., 1994; Noldy et al, 1988;

Ornitz et al., 1967; Sekine et al., 2001; Weitzman & Kremen, 1965; Williams et al.,

1962), is larger or tends to be larger to the deviant tones (Colrain et al., 2000), and is

increased in amplitude as the NREM period progresses (Sekine et al., 2001; Weitzman &

Kremen, 1965). As well, once in Stage 1, the P450 (Harsh et al., 1994) and N550 appear

(Colrain et al., 2000; Harsh et al., 1994) followed by the P900 in Stage 2 (Harsh et al.,

1994; Weitzman & Kremen, 1965).

The K-complex has been traditionally considered to include the N350, N550 and

P900 components. More recently, it has been established that the N350 also occurs in

absence of the N550 and P900 (Bastien, Crowley, & Colrain, 2002). The N350 has been

found to be larger when it is followed by a K-complex so it has been suggested that it acts

as a trigger for the K-complex to occur (Bastien et al., 2002). In addition, the N550 and
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P900 are both maximum at frontal sites, whereas the N350 is maximum at the vertex.

This suggests that the N350 has different neural generators than the N550 and P900

(Bastien et al., 2002; Campbell et al., 1992). Most researchers now consider the K-

complex to comprise of the N550 and P900 components (Campbell et al., 1992), whereas

the N350 has been recently associated with vertex sharp waves (e.g., Sekine et al., 2001).

In a recent review of the history of the K-complex, Colrain (2005b) summarized

the ongoing debate as to the functional significance of this large waveform; some believe

it is sleep protective whereas others suggest it signals an arousal response. Studies have

shown that increases in the number of K-complexes are associated with greater amounts

of slow wave sleep, suggesting that the K-complex is indeed sleep-protective.

Alternatively, because K-complexes have been found to be associated with autonomic

activation and sleep disorders (e.g., occur in association with restless legs syndrome) they

are thought by some to be a reflection of arousal. If K-complexes are simply an indicator

of arousal, one would expect that those with insomnia would have them in greater

abundance. Contrary to this, Wauquier, Aloe, and DeClerck (1995) found that those with

insomnia had fewer K-complexes than good sleeper controls. This suggests that the K-

complex may serve a sleep-protective function that is hindered in those with insomnia.

Information Processing in Insomnia

EPvPs are an ideal tool to investigate the central nervous system mechanisms of

insomnia. ERPs could be used in wake and sleep to assess differences in arousal and

attention between good and poor sleepers. The few published studies that have

investigated insomnia using ERPs have focussed on pre and/or post sleep wake periods

and only one on a full night of sleep. Just prior to completion of this thesis a study by
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Bastien, St-Jean, Morin, Turcotte, and Carrier (2008) did investigate the sleep-onset

period (in a single sleep onset), but did not report the P300 response.

Voss and Harsh (1998) investigated ERPs at sleep onset in personality subtypes.

Although this ERP investigation of sleep onset by Voss and Harsh did not examine

insomnia per se, their investigation of the sleep-onset period in personality sub-types

provides some insight into how information processing could be altered in insomnia.

Specifically, participants were those with either a tendency to be information seeking

(termed "monitors") or those with a tendency to be information avoiding (termed

"blunters"). These two coping strategies were assessed by a questionnaire in which

participants indicated how they would cope with various stressful situations. The authors

hypothesized that the monitors would show increased arousal to environmental

stimulation. An auditory oddball paradigm was used requiring deviants to be signalled

with a finger lift. While awake, the monitors had significantly higher amplitude P300s to

the deviant tones than did the blunters. As participants fell asleep, the monitors were

more likely to respond to the target tones in Stage 1 sleep than were the blunters

(response rate = 65% vs. 25%, respectively). As well, blunters showed increased N350

amplitudes to targets compared to monitors. The authors suggested that falling asleep

may involve a blunting-like process to occur (disengagement with the external

environment) which may be reflected in the larger N350 component.

In 1975, Coursey investigated ERPs in insomnia sufferers several hours before

bedtime. Four intensities of tones (50, 60, 70, 80 dB) were delivered to participants while

they sat in a darkened room. Those with insomnia had lower Nl and P2 amplitudes to all

stimulus intensities. The authors suggested that those with insomnia were "sensory
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reducers", who dull sounds from the environment. In contrast, Regestein, Dambrosia,

Hallett, Murawski, and Paine (1993) reported that insomnia patients had higher

amplitudes of the Pl-Nl complex for three intensities of click stimuli (50, 70, 90 dB)

presented in the morning. They also found a positive correlation between Nl amplitude

and hyperarousal scores indicating that higher amplitude ERPs reflect hyperarousal. As

well, those with insomnia had increased alpha activity, which was also correlated with

higher hyperarousal scores. The authors suggested that the study provided evidence of

objective hyperarousal in those with insomnia during the daytime. Unfortunately, the two

studies above used peak-to-peak measurement or variations of this procedure, which does

not accurately reflect changes in individual components (Campbell et al., 1992). This

measurement technique may thus account for the discrepant findings.

Wang, Zhu, Pan, Hu, and Wang (200 1
) investigated ERPs during the daytime in

those with primary chronic insomnia using a mismatch negativity paradigm (MMN). This

paradigm also makes use of an oddball task, but instead involves more rapidly presented

stimuli. ERPs elicited to the deviant are subtracted from the ERPs elicited to the standard

in order to create a difference wave. This difference wave is termed the MMN and is

thought to reflect the processing of a change in the repetitive stimulus (Naatanen, 1990).

Those with primary insomnia (N = 23) and good sleepers (N = 28) had ERPs recorded

during the daytime while they performed a distracter task. The MMN was a larger

amplitude and longer latency (for all sites: Fz, Cz, Pz) for those with insomnia, although

this was only significant at Fz for amplitude and Pz for latency. This study provides

evidence for hyper-attentiveness in those with insomnia during the daytime.

Unfortunately, this study does not specify the time of day that the recordings were made
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and whether the recordings were made at the same time of day for each participant. Thus,

it is not clear whether time of day was a factor (i.e., arousal occurring because bedtime

was near) or was not (i.e., arousal being a trait factor not affected by time of day).

More recent studies by Devoto and colleagues have questioned the idea of

hyperarousal as a "trait" phenomenon and have investigated ERPs in insomnia according

to "bad nights" versus "good nights". The authors suggested that if physiological arousal

varies according to subjective quality of night, this would explain some of the

discrepancy found in the literature. Devoto, Violani, Lucidi, and Lombardo (2003)

presented sleep-onset insomnia patients and controls with the standard pitch oddball task

requiring a button press (recorded sometime between 9 a.m.- 12 p.m.). Compared to the

good sleepers, those with insomnia had increased P300 amplitudes after a bad night of

sleep. Interestingly, after a good night of sleep, those with insomnia had decreased P300

amplitudes compared to the good sleepers. The authors suggest that the increased P300s

of those with insomnia are not a result of sleep loss, but rather a consequence of

hyperarousal because those who are sleep deprived actually show a decrease in P300

amplitude (e.g., Gosselin et al., 2005; Lee et al., 2003). The authors speculated that the

increased arousal seen after a bad night actually begins in this night's pre-sleep period.

To test this assumption, Devoto, Manganelli, Lucidi, Lombardo, Russo, and Violani

(2005) conducted an additional study adding pre-sleep recordings. As predicted, the

amplitude of the P300 was increased in the evenings and mornings of the insomnia

patients' bad sleep nights compared to the controls. The authors therefore suggested that

hyperarousal begins in the pre-sleep period and that hyperarousal in insomnia is not a

trait-like phenomenon, but instead varies night-to-night with sleep quality. A limitation of
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this study is that the authors infer evidence of hyperarousal in sleep without actually

measuring ERPs during sleep onset or sleep.

In a very recent study, Sforza and Haba-Rubio (2006) investigated evening and

morning ERPs in psychophysiological insomnia patients (N = 15) using a pitch oddball

paradigm requiring that the participants count the deviant stimuli (standard= 1 000 Hz, p

= .80, deviant = 2000 Hz, p = .20; constant ISI = 1.5s). ERPs were recorded from Fz, Cz,

and Pz. In the evening there were no differences in ERPs between the insomnia patients

and good sleepers, whereas in the morning those with insomnia showed a trend for

increased latency of the P300 to the deviant stimuli. There were no amplitude differences

between the good sleepers and those with insomnia. When analyzing differences between

morning and evening ERPs in those with insomnia, increased Nl amplitude (frontal site)

was associated with an increased amount of Stage 1 sleep, an increased number of stage

changes, and more awakenings. Increased P2 amplitude (central site) was associated with

less total sleep time, an increased number of stage changes, and an increased amount of

Stage 2 sleep. The authors suggested that pre to post-sleep ERP analyses may be more

beneficial than pre-sleep ERP analyses when examining sleep disordered populations.

The difference scores reflect changes that occur in information processing between the

evening and morning, thus quality of sleep may influence these changes.

The Sforza and Haba-Rubio (2006) study tested participants several hours before

bedtime (7:00 p.m.) and at least one hour after awakening in the morning (8:00 am). The

Devoto study above (Devoto et al., 2005) tested participants approximately 30 minutes

before bedtime and after awakening. Thus, it may be that in the Sforza study, the

hyperarousal of the insomnia patients was not captured as the recordings could have been
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performed before they became hyperaroused in the evening and after their hyperarousal

subsided in the morning. As well, the Sforza study found similar polysomnographic data

(e.g., sleep efficiency, total sleep time) for those with insomnia and the good sleepers.

The only significant difference between groups was that the poor sleepers took longer to

fall asleep than the controls (M = 19 min vs. 4.0 min, respectively). Thus, the null results

may be because the insomnia patients had a relatively good night of sleep on the

experimental night. The authors suggested that the null results may also have occurred

because of the various types of insomnia patients used (i.e., sleep-onset, sleep

maintenance, early awakening).

Yang and Lo (2007) compared ERPs in good sleepers and those with insomnia

(sleep-onset and/or sleep-maintenance) during the first five minutes of Stage 2 sleep as

well as throughout the entire night. An oddball paradigm was delivered and participants

were required to count the target tones as they fell asleep. The higher pitch tone was the

target for half the participants, the lower pitch tone was the target for the other half

(standard/target = 1000 Hz, p = .80 or .20; standard/target = 1500 Hz, p = .80 or .20).

ERPs were investigated at sites Fz and Cz only. During the first 5 minutes of Stage 2

sleep, the poor sleepers had increased Nl amplitude and decreased P2 amplitude

compared to the good sleepers, but only for the target tones. In addition, those with

insomnia had decreased N350 amplitude compared to the good sleepers, but only for the

standard tones. In a second analysis, the sleep stages that occurred across the entire night

were collapsed together. The researchers conducted this analysis in order to investigate

information processing during the entire night. Interestingly this analysis also tells us if

those with insomnia are hyperaroused in a particular sleep stage regardless of time of
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night. The only difference found was a delayed Nl latency in the poor sleepers compared

to the good sleepers during slow wave sleep. The authors concluded that the early sleep

period appears to be more sensitive to detect differences in information processing

between good and poor sleepers.

The Yang and Lo (2007) study did not investigate the sleep-onset period

specifically, but instead examined a five minute period of Stage 2 as well as the complete

night. Because only the first 5 minutes of Stage 2 were used and no repeated sleep onsets

were employed, the early Stage 2 results probably included very few trials for each

participant. In addition, K-complexes were not removed from either the early Stage 2 or

entire night analyses. Further, the differences in the Nl and P2 components between the

good and poor sleepers only occurred to the target tones (20% of trials) and did not occur

to the standards (80% of trials). Thus, the Nl and P2 differences were only found when

examining fewer trials so the reliability of the outcome may be questionable.

Abstract reports will be reviewed here given the paucity of published work

applying ERPs to study insomnia. In a conference abstract, Hull, Harsh and Badia (1993)

investigated ERPs during sleep onset. These researchers used the classic oddball

paradigm requiring a finger lift to the deviant tones (standard = 1000 Hz, p = .80; target =

1500 Hz, p = .20). During wake, the P300 had a greater amplitude for the insomnia

patients (N = 10) than the good sleepers (N = 8). The N350 was evident during all stages

of sleep and had a greater amplitude for targets than for standards in both good sleepers

and those with insomnia. The N350 increased in amplitude from Stage 1 to Stage 2a (first

5 minutes of Stage 2) for all participants. From Stage 2a to Stage 2b (subsequent 5

minutes of Stage 2), the N350 amplitude increased further in the good sleepers, but
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decreased in those with insomnia. The authors suggested that the N350 amplitude

decrease seen in Stage 2b in those with insomnia might be evidence of a "sleep

preservation" problem in this population. This study did not report on the P300 during

sleep onset.

In another abstract, Loewy and Bootzin (1996) used an oddball paradigm with

pitch and intensity deviants (standard = 1000 Hz, 50 dB p = .70; intensity deviant = 1000

Hz, 60 dB, p = .15; pitch deviant = 2000 Hz, 50 dB, p = .15) in 9 patients with insomnia

and 7 good sleepers (all female). Data were reported on waking and Stage 2 sleep only

(recordings from Fz, Cz, Pz); a waking ignore condition (night 1 ) and waking attend

condition (night 2) were used. In the waking attend condition (requiring button press to

pitch deviants), there was a trend for those with insomnia to have increased Nl

amplitudes and decreased P2 amplitudes (reflecting greater attention). In Stage 2 (night

2), those with insomnia had larger Nl and N550 amplitudes. The authors stated that the

increased Nl amplitude reflects enhanced auditory processing at the cortex. No

differences were found for P300 or N350.

A subsequent abstract by the same research group (Loewy et al., 1999) reported

on the sleep-onset period in 12 females with insomnia and 12 good sleepers. The same

two conditions were used (night 1 = ignore, night 2 = attend). ERPs were reported from

Fz only. In wake, Nl amplitude was greater for pitch deviants and this was more

exaggerated in those with insomnia. In addition, P2 amplitude was lower for pitch

deviants in the insomnia group. At sleep onset, those with insomnia had a larger N

1

amplitude compared with controls. In addition, in Stage 2 (night 2 only), those with

insomnia had an increased N550 amplitude. Pre-sleep cognitive anxiety was negatively
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correlated with P2 amplitude. The authors concluded that the higher Nl amplitude and

lower P2 amplitude found in those with insomnia reflected their heightened level of

information processing.

Another abstract by Schimsheimer, Vershelst, Zeeman, and Hofstee (1999) used

the pitch oddball paradigm (requiring a button press) to examine the ERPs in 3 patients

with sleep state misperception. Patients with sleep state misperception should be more

likely to recall awakenings and therefore have evidence of increased processing when

awoken during the night. ERPs were recorded before sleep, and following forced

awakenings from SWS and REM sleep. Recordings were only reported from Cz.

Compared to alert waking, the ERPs from the forced awakenings (from REM and SWS)

resulted in longer P300 latencies from both patients and good sleepers, probably

reflecting sleep inertia. In the good sleepers, the P300 was reduced in amplitude

following the SWS awakening compared to the pre-sleep recording, whereas in the

insomnia patients, the amplitude of the P300 remained the same during both time periods.

Although this study investigated only 3 patients, it does suggest that the increased

cognitive activity found in those with sleep state misperception may be reflected by

increased P300 amplitude. As well, this study shows that those with insomnia are more

attentive when awoken from sleep, which may explain the tendency for those with

insomnia to overestimate the duration of their night-time awakenings (Perlis et al., 1997).

At time of completion of the present thesis, a study was published by Bastien et

al. (2008) examining waking as well as sleep-onset ERPs (i.e., Nl, P2, N350).

Participants included patients with psychophysiological insomnia (sleep onset and/or

sleep maintenance) and good sleepers. An oddball paradigm (standard = 2000 Hz, 70 db,
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p = .85; target = 1500 Hz, 90 db, p = .15) was delivered during wake in the evening and

morning of the 3
rd
and 4

th
nights of the study, as well as during sleep onset on the 4

th

night of the study. Only a single sleep onset was recorded. Participants were instructed to

ignore the tones during all stimulus presentations. EEG sites were limited to Fz, Cz, and

Pz for all ERP analyses. During wake, the poor sleepers showed increased Nl amplitude

to the standard tone on evening 4, however, this finding was at site Pz only. On the

morning following night 4, this finding was observed at both sites Cz and Pz. P2 did not

differ between the groups during the waking tasks on any of the mornings or evenings.

Contrary to their waking results, the Nl generated to the standard tones at sleep onset was

larger in amplitude for the good sleepers (site Cz). The P2 generated to the target tones at

sleep onset was larger for the poor sleepers, however, this was only seen at site Pz. The

N350 was also investigated at sleep onset. This component had a larger amplitude for the

good sleepers across all midline sites (Fz, Cz, Pz). The smaller Nl and larger P2 seen for

the poor sleepers at sleep onset appears to contradict the hyperarousal hypothesis. The

authors cite research from studies with ADHD and Tourette's syndrome suggesting that

an increased P2 might reflect enhanced attention to unimportant environmental stimuli.

Unlike the sleep-onset studies reviewed above, Bastien et al. (2008) used an

"ignore" task opposed to an attend task; these two different types of tasks would likely

effect ERP responses (i.e., Nl, P2, N350) differently. As well, like many of the other

studies reviewed, Bastien et al. (2008) used those with various types of insomnia (i.e.,

sleep maintenance and/or sleep-onset) and only 1 sleep onset was employed. In addition,

in the Bastien et al. (2008) study, the sleep-onset period included wake and Stage 1

.

Although not specified, it is assumed that both wake and Stage 1 trials were binned
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together for ERP averages. The binning together of wake and Stage 1 could have possibly

influenced their findings. The poor sleepers would have probably taken longer to fall

asleep which would mean more of their trials would have been from the wake stage. The

good sleepers, who probably fell asleep more quickly, would have more of their trials

from Stage 1 . As well, the good sleepers would probably have much fewer total trials

than the poor sleepers due to quicker sleep onset, so would have less reliable ERPs.

The preliminary studies reviewed above that have employed ERP techniques to

investigate the problem of insomnia, provide some evidence that information processing

is altered in this population. There is much variation amongst these studies with different

paradigms used, various testing times (e.g., hours before sleep, during sleep onset), and

various insomnia subtypes (e.g., sleep onset, sleep maintenance), hence it is not

surprising that mixed results have emerged. Some patterns, however, appear evident.

Specifically, some studies have found an increase in P300 amplitude in the insomnia

populations compared to the good sleeper controls during wakefulness (Devoto et al.,

2003; Devoto et al., 2005; Hull et al., 1993). Several studies have also found that the poor

sleepers have a higher amplitude Nl component during wake (Bastien et al., 2008;

Loewy & Bootzin, 1996; Loewy et al., 1999; Regestein et al., 1993) and sleep states

(Loewy & Bootzin, 1996; Loewy et al., 1999; Yang & Lo, 2007), as well as altered sleep

ERPs such as a smaller N350 component (Bastien et al., 2008; Hull et al., 1993; Yang &

Lo, 2007) and a higher amplitude N550 component (Loewy & Bootzin, 1996; Loewy et

al., 1999). These general conclusions, however, should be regarded with caution as some

results are based on few trials (only a single sleep onset), non-homogeneous samples, and

abstracts with small sample sizes.
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Rationale and Hypotheses

Insomnia is a highly prevalent disorder leading to disruption of various aspects of

waking function. Understanding the etiology and pathophysiology of insomnia is

essential for its treatment. A number of models have been put forth in an attempt to better

understand how insomnia develops and is maintained. One of the newer models, the

neurocognitive model of insomnia, suggests that insomnia occurs as a result of

conditioned central nervous system arousal at the time of sleep onset. This arousal is

thought to lead to enhanced information processing which is incompatible with sleep.

Past studies have found some support for this model indicating those with insomnia

exhibit increased high frequency activity during sleep onset and sleep. This high

frequency activity is believed to lead to increased information processing which

interferes with sleep initiation. The present study will apply a direct means to investigate

if information processing is indeed increased in those with insomnia at the time of their

sleep problem.

To date, no published study that we are aware of has assessed how the Nl, P2,

and P300 change during sleep onset in response to an attend oddball task in a population

of those with sleep-onset insomnia. The present study will be recording ERPs during the

sleep-onset period in a sample of poor sleepers with sleep-onset insomnia. By assessing

the alterations of the Nl, P2, and P300 components during sleep onset, the present study

will provide a clear assessment of whether those with insomnia process information to a

greater extent than good sleepers during this time period. The results of the present study

will thus provide a means to directly assess one of the main tenets of the neurocognitive
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mode of insomnia, that increased information processing occurs during the time of the

sleep problem, which interferes with sleep initiation.

Based on the neurocognitive model of insomnia (Perlis et al., 1997), it is predicted

that those with psychophysiological insomnia, specifically sleep-onset insomnia, will

exhibit behavioural and electrophysiological evidence of increased information

processing/attentiveness during the sleep-onset period. Validations and hypotheses are

outlined below.

Analyses will first be conducted to validate that those who claim to have insomnia

do in fact have deficits in polysomnographic sleep parameters (i.e., increased SOL,

reduced TST) compared to good sleepers (e.g., Adam et al., 1986; Bonnet & Arand,

1995; 1998; Sforza & Haba-Rubio, 2006). More specifically, it is predicted that on the

screening night as well as on the experimental night, those with insomnia will take longer

to fall asleep. It is also predicted that on the screening night, those with insomnia will

have less total sleep time. It is, however, possible that some good sleepers may have a

poor first night of sleep in the laboratory (first night effect), whereas some poor sleepers

may have a good first night of sleep in the laboratory (reverse night effect).

Hypotheses 1, 2, and 3: Based on evidence examining behavioural responsiveness

during the sleep-onset period (e.g., Cote et al., 2002; Harsh et al., 1994; Niiyama et al.,

1994; Noldy et al., 1988; Ogilvie et al., 1991), it is expected that reaction time will slow

as all participants fall asleep. It is also predicted that response times will be faster in

Stage 1 for those with insomnia and that responding will occur later into sleep onset/sleep

for those with insomnia (e.g., through Stage 1 and possibly into Stage 2 sleep).
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Hypotheses 4 and 5: Findings indicate that Nl decreases in amplitude and P2

increases in amplitude at sleep onset in good sleepers (Bastuji et al., 1995; Campbell et

al., 1988; Colrain et al., 2000; Cote et al., 2002; Noldy et al., 1988). Preliminary research

also indicates that those with insomnia show increased Nl amplitude and decreased P2

amplitude compared to good sleepers in wake and sleep (e.g., Loewy & Bootzin, 1996;

Loewy et al., 1999; Regestein et al., 1993). It is therefore hypothesized that Nl will

decrease and P2 will increase at sleep onset in all participants. Further, it is predicted that

this N 1 decrease and P2 increase will occur to a lesser extent in the insomnia group

reflecting problems with the disengagement of attention/removal of PN.

Hypotheses 6 and 7: Based on preliminary evidence that the waking P300 is

increased in amplitude in insomnia sufferers compared to good sleepers (Devoto et al.,

2003; Devoto et al., 2005; Hull et al., 1993; Schimsheimer et al., 1999), it is predicted

that the P300 will be larger for the poor sleepers than for the good sleepers during the

sleep-onset period. Further, the P300 cannot be elicited during Stage 2 in good sleepers

(Bastuji et al., 1995; Cote et al., 2002; Harsh et al., 1994). It is thus predicted that the

P300 will not be elicited in Stage 2 in the good sleepers, but may be elicited in Stage 2

sleep in those with insomnia.

Hypotheses 8 and 9: Based on studies with good sleepers (Noldy et al., 1988;

Ornitz et al., 1967; Sekine et al., 2001; Weitzman & Kremen, 1965; Williams et al.,

1962) and preliminary finding in those with insomnia (Hull et al., 1993). It is

hypothesized that the N350, which is specific to sleep, it will appear at sleep onset in all

participants, but will appear later during the sleep-onset period in the poor sleepers

(possibly Stage 2) and have a smaller amplitude.





Hypothesis 10: Based on evidence that those with insomnia exhibit increased high

frequency activity during sleep-onset (Freedman, 1986; Lamarche & Ogilvie, 1997;

Perlis, Kehr, et al., 2001) and sleep (Freedman, 1986; Perlis, Kehr, et al., 2001). It is

hypothesized that those with insomnia will exhibit increased high frequency activity pre

and post sleep as assessed by the Alpha Attenuation Task.

Hypothesis 1 1 : More generally, it is hypothesized that those with insomnia will

show deficits on the tasks in the behavioural performance assessment battery (e.g.,

reaction time, target identification) as well as differences in subjective measures such as a

more negative mood, increased sleepiness, and increased thoughts and worries during the

pre-sleep period.

Method

Participants

Thirteen poor sleepers with sleep-onset insomnia and 1 2 good sleepers (see Table

1 ) participated in and completed the present study. The participants were from Brock

University as well as the community. All poor sleepers met the diagnostic criteria for

psychophysiological insomnia, indicated that their sleep problem occurred at least 2-3

times per week, and that it took them at least 30 minutes to fall asleep on problem nights.

Further, all poor sleepers indicated that their sleep problem had been occurring for at

least the past month and that they also suffered from associated daytime consequences

(e.g., excessive daytime sleepiness, trouble concentrating). All poor sleepers obtained a

score of at least 10 on the Insomnia Severity Index (not an inclusion criteria) (see Table

2). All good sleepers reported no trouble sleeping and no excessive daytime sleepiness.

Both good and poor sleepers were all in good health (i.e., not taking any medication that

68
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interfered with sleep, no chronic pain, and no history of head injury, neurological

disorders, major depression, or anxiety disorders), and had no history of recent shift

work. Participants were also all non-smokers, had normal hearing (verified by an in-lab

hearing test), and were fluent in English.

Table 1

Demographics ofthe good andpoor sleepers

Group Mean Age Gender Handedness

Good 22.58 (5.74), Range= 18-39 F=9, M=3 1 1 right, 1 left

Poor 22.46 (7.1 5), Range= 17-40 F=10,M=3 12 right, 1 left

Standard deviations for Mean Age are indicated in brackets.
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Table 2

Insomnia profile
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due to a hearing impairment. Two good sleepers were also disqualified on the basis of

their diary entries (i.e., not completing diary, trouble sleeping). Before the in-lab study

nights, an additional three poor sleepers were disqualified for the following reasons:

starting an anti-depressant (two participants), starting night shifts (one participant).

On the basis of the results of the first night in the laboratory (used for the purpose

of screening for sleep disorders), three poor sleepers were disqualified due to evidence of

periodic leg movements and one good sleeper was disqualified for evidence of excessive

daytime sleepiness. Two good sleepers were also disqualified after the second night in the

laboratory: one could not fall asleep while performing the repeated sleep-onsets tasks (3

attempts were tried), and the other was non-compliant (did not press the button to targets

during the sleep-onset task). An additional good sleeper was removed from the study

after completion for evidence of excessive daytime sleepiness (falling asleep during

waking tasks). In addition, a total of 10 participants dropped out of the study. These

participants either did not attend their orientation session, did not book their in-lab study

nights, or did not return for their second night in the laboratory.

Volunteers were asked to refrain from napping and drinking caffeine for the two

days of the study. For completion of the entire study, participants received an honorarium

of $50. In the event of partial completion of the study, participants received no

compensation for orientation and diaries, $25 for completion of the first overnight, and

$25 for completion of the second overnight. If the participant obtained research

participation for a class, they received research participation for completion of the first

overnight, and $25 for completion of the second overnight. In addition, the poor sleepers

had the option of receiving a take-home educational package to help improve their sleep.
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Materials

Preliminary Screening Materials. All questionnaires were developed by the Brock

Sleep Research Laboratory unless otherwise indicated. There were separate telephone

interviews for both the good and poor sleepers. These interviews established the type of

sleeper and the extent of the sleep problem. A web-based questionnaire accessible from

the "Sleepless in Niagara" website (www.sleeplessinniagara.brocku.ca) was also used as

a preliminary screening for sleep disorders for the poor sleepers only. In addition, an

electronic sleep diary was used to verify that the participant was either a good or poor

sleeper. This diary was accessed via the Internet or completed on paper. The diary

contained information on subjective sleep quality, and medication/caffeine/alcohol intake

(see Appendix A).

Orientation Questionnaire Package. The purpose of the questionnaire package

was to provide information on demographics, sleep habits and history, general health

status, fatigue, mood, anxiety, circadian rhythm tendencies, and personality. Both the

good and poor sleepers completed the Personal Information Questionnaire, IPIP-Neo

Personality Questionnaire (Goldberg, 1999), Fatigue Questionnaire (Yoshitake, 1978),

Circadian Rhythm Questionnaire (Home & Ostberg, 1 976), Beck Anxiety Inventory

(BAI) (Beck, Epstein, Brown, & Steer, 1 988), Beck Depression Inventory (BDI) (Beck,

Ward, Mendelson, Mock, & Erbaugh, 1961), and the Toronto Hospital Sleep-Wake

Questionnaire (Moldofsky, H, University of Toronto, used with permission). In addition,

the poor sleepers completed the Rochester Sleep Continuity Inventory (RSCI) (Perlis, M,

University of Rochester, used with permission) to assess the extent of insomnia (see

Appendix B).
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Physiological Recording. For both sleep and wake recordings,

electroencephalogram (EEG), electrooculogram (EOG), and electromyogram (EMG)

activity were recorded using gold plated electrodes and placed according to the modified

10/20 measurement system (Pivik et al., 1993). EEG electrode sites included frontal (F3,

Fz, F4), central (C3, Cz, C4), parietal (P3, Pz, P4), and occipital (01, 02) areas of the

scalp and were referenced to FPz. Mastoids A 1 and A2 were used for offline re-

referencing. In addition, horizontal and vertical eye movements were recorded by

affixing electrodes to both the supra and infra-orbital ridges of the right eye and infra-

orbital ridge of the left eye. As well, muscle tone was recorded by attaching two

electrodes to the submental muscles of the chin creating a bipolar channel. A ground

electrode was affixed at AFz and all impedances were kept below 5 Kohms. Signals were

recorded at a sampling rate of 250 Hz and a hardware bandpass filter DC (open) to 100Hz

was applied.

Waking Performance Assessment Battery (PAB). See Table 3 for the order and

timing of the PAB tasks. The PAB was administered using E-Prime software

(Psychological Tools, Inc.) on computers located in the bedrooms. Participants first

completed the PANAS mood scale (on paper) (Watson, Clark, & Tellegen, 1988) (see

Appendix C); they rated their mood on a 5-point scale for 20 adjectives. Next,

participants completed the Stanford Sleepiness Scale where they reported their alertness

level on a 7-point scale in which each successive number represents an increasing level of

sleepiness (Hoddes, Zarcone, Smythe, Phillips, & Dement, 1973). Participants then

completed the Alpha Attenuation Task (AAT). For this task, participants were to keep

their eyes open for thirty seconds and then closed for thirty seconds, which continued in
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an alternating fashion for approximately 4 minutes. Between each 30s block was a 5s

buffer period to control for EOG artifact. EEG was recorded and quantified to reflect

physiological alertness (e.g., data were examined for amount of alpha, theta, beta and

gamma). A ratio of alpha to theta and the alpha attenuation coefficient (AAC) (ratio of

alpha when eyes closed to when eyes open) were also computed as measures of EEG

slowing/ sleepiness (Stampi, Stone, & Michimori, 1995).

Next participants completed the Reaction Time Task (RT), which measured

sustained attention. In this task, participants were instructed to respond as quickly as

possible to an auditory tone by pressing the zero key on the keypad. The participant's

reaction time was displayed on the monitor as a means of feedback on each trial (inter-

stimulus interval (ISI) varied at random from 2-10 s).

The Novel P300 Task, a measure of novelty detection, was then completed. In this

task, participants were presented with a series of standard auditory tones (1000 Hz,

duration = 350 ms, ISI = 1300-1700 ms). At rare and random times, the standard stimulus

was replaced with a stimulus that differed in pitch, or a novel environmental sound.

Standard stimuli were presented on 80% of trials, and target tones and novel sounds were

each presented on 10% of trials. The participants were told that they would hear

environmental sounds, but to only respond to the higher pitched target tone.

Finally, the N-Back Memory Task was performed in order to measure working

memory. In this task participants identified cases in which the letter that appeared on the

computer screen matched the letter that appeared two before it, and pressed the zero key

to respond to the second letter of the pair (stimulus duration = 250 ms, ISI = 1500 ms).

Participants then completed the Stanford Sleepiness Scale again, followed by the
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Perception of Performance Task. In the Perception of Performance task participants rated

how well they thought they did on the PAB on a 5-point likert scale (i.e., 1 = very poor,

to 5 = very good).

Table 3

Order and duration oftasks in the performance assessment battery (PAB)

Tasks Task Duration (min)

PANAS
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Stanford Sleepiness and Fatigue scales, and required the participant to indicate if they

were experiencing any of a number of physical ailments (e.g., headache, faintness, pain).

Auditory Stimulifor the Oddball Paradigm in Waking and Sleep. Auditory

stimuli were delivered to both ears through insert earphones (taped in place during sleep).

The tones were 70 dB SPL with a rise and fall time of 5 ms and a duration of 50 ms. On

80% of trials the tone was 1000 Hz (standard), whereas on 20% of trials, the tone was

2000 Hz (target). Inter-stimulus intervals varied randomly between 1-2 seconds with an

average of 1 .5 seconds between tones. During waking, the attend and ignore conditions

were used in a counterbalanced fashion; during the sleep-onset procedure only the attend

condition was used. In the waking ignore condition, participants read a book and were

instructed to simply ignore the tones. In the attend condition the participant's task was to

listen to these tones and respond to the rare target tone whenever they heard the higher

pitch tone. Responses were made using a hand-held button secured to the dominant hand

with tape. This simple task elicits reliable ERPs that represent the extent to which the

participant is attending to the external stimuli (e.g., Cote, 2002).

Feedback Form and Educational Modules. All participants received a feedback

form thanking them for their participation and describing the hypotheses of the study in

more detail (see Appendix C). In addition, those with insomnia had the option of

receiving a 6-week home-based educational program (used by permission of C. Morin;

translated by Rona Kertesz). This program was designed to guide the poor sleepers

through sleep hygiene strategies and behavioural techniques to help improve their sleep.

This program has been shown to be effective in various studies (Morin, 1 996).
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Procedure

Participants were recruited for the study through the Psychology Department's

research website (SONA), the sleep research laboratory's website, posters placed in the

University and community, classroom presentations at Brock University, newspapers,

radio, and television. A generic ad is provided (see Appendix C) which includes all the

essential information that appeared in the various advertisement formats.

Interested participants first completed a 10-minute telephone interview

administered for the purpose of screening for inclusion/exclusion criteria of the study.

Suitable poor sleepers and good sleeper controls were then scheduled for a 1-1 .5 hour

orientation session at the sleep research laboratory. In addition, those with insomnia were

instructed to complete the Sleepless in Niagara (SIN) web-based questionnaire on their

own time prior to the orientation session; data was automatically placed in a database

accessible to the primary investigator. If a poor sleeper provided any indication of a sleep

disorder other than insomnia (e.g., sleep-related respiratory or movement disorders), they

were withdrawn from the study.

During the orientation session, participants toured the facilities and had an

opportunity to ask questions. Participants were then asked to provide informed consent

(see Appendix C). Once consent had been given, all participants had a hearing test (to

assure normal hearing), completed the orientation questionnaires, and practiced some of

the tasks that would later be administered during the study (specifically the N-Back task

to control for learning effects, and the oddball task so that the target could be identified).

Based on the orientation, those who qualified were scheduled to spend two consecutive

nights in the sleep research laboratory. In addition, participants were asked to complete
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an electronic daily sleep diary from home for a minimum of one week or up until the time

they came in to the laboratory for their overnight sessions.

The primary investigator was present throughout all testing sessions in the

laboratory. Up to two participants were run at a time and each participant performed

computer tasks and slept in their own private bedroom. Video-taping occurred at all

times.

On the first night in the laboratory (screening night) participants arrived at 7:45

p.m. The female participants completed the menstrual cycle questionnaire (see Appendix

C) to document phases of the menstrual cycle. At approximately 8:00 p.m., participants

had electrodes applied to their head and face for the purpose of recording waking and

sleeping electrophysiological activity. In addition, two electrodes were placed on each leg

(anterior tibialis muscle), and respiration bands were placed on the chest and abdomen.

These additional electrodes were used to screen for common sleep disorders such as sleep

apnea (i.e., sleep-related cession of breathing), and periodic limb movements. Records

were examined in the morning and participants were disqualified if there was evidence of

sleep apnea or periodic limb movements (over 10 events per hour).

Once the EEG application was complete, participants were administered the 30-

minute performance assessment battery (PAB) beginning at 9:30 p.m. Participants then

performed the waking oddball task at 10:00 pm (attend/ignore conditions). Each

participant started with the same waking task each time (e.g., ignore then attend, or attend

then ignore) and this was counter balanced between participants (i.e., half of the

participants in each group completed the attend task followed by the ignore task, and the

other half in each group completed the ignore task followed by the attend task).
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Participants also completed a pre-sleep questionnaire before lights out at 1 1 :00 p.m.

Participants were woken up at 7:00 a.m., respiration bands were removed, and they

completed the post-sleep questionnaire. Participants then ate breakfast (provided in the

laboratory kitchen) at approximately 7:15 a.m. Electrode connections were then checked

and fixed as needed and the waking oddball task (attend/ignore conditions) commenced

at 8:00 am followed by the PAB at 8:30 a.m. After completion of the PAB

(approximately 9:00 a.m.), electrodes were removed and participants had the option of

showering in the laboratory. Before leaving, participants were instructed not to nap or

drink caffeine or alcohol before returning for their second overnight.

Participants returned that evening at approximately 8:00 p.m. Physiological

recordings were identical to those on the previous night with the exception that leg

electrodes, EKG electrodes, and respiration bands were not used. Participants again

performed the PAB and waking ERP tasks just as the night before. In addition, the

participants performed an auditory oddball task during repeated sleep onsets (Noldy et

al., 1988; Ogilvie et al., 1991). This was done in order to obtain a sufficient number of

trials for reliable ERP averaging due to the short duration of Stage 1 sleep. The

participant's task was to listen to the tones as they fell asleep and to respond to the rare

target tone. Recording continued until 5 minutes of consolidated (no arousals) Stage 2

sleep was reached. If participants could not fall asleep or consolidate 5 minutes of Stage 2

sleep within 35 minutes, the sleep onset procedure was terminated by the experimenter

(this limit was implemented to prevent frustration with falling asleep/the task, etc). When

a sleep onset block was completed, participants were awoken by the experimenter

entering their room. They sat up in bed and remained awake for 10 minutes with lights





80

on. During this time they completed a short questionnaire asking them about their brief

sleep (see Appendix C) and then worked on word search puzzles (not for analysis). The

participant was then permitted to fall back asleep while again performing the oddball

task. This procedure was repeated 5-7 times at the beginning of the night depending on

the duration of the sleep stages in the previous recordings. Washroom breaks were

permitted at any time. After the oddball task with the repeated awakenings was

completed, participants slept the remainder of the night undisturbed.

Participants were woken up at 7:00 a.m. and the same procedures followed as the

morning before. Once participants finished their morning tasks (post-sleep questionnaire,

waking ERPs, PAB) they were given oral feedback and well as the feedback form, and

were permitted to ask questions. In addition, each poor sleeper who wished to partake in

the educational program scheduled a short meeting (10-20 min) with the primary

investigator to take place at a mutually convenient time following the study. The

participants were free to leave shortly after 9:00 a.m.

During the follow-up meeting with the primary investigator, those with sleep-

onset insomnia received the home-based educational sleep program. The primary

investigator explained the principles of the educational program to them and allowed

them to ask questions. The participants were also encouraged to contact the primary

investigator with any questions or concerns when working through the home-based

program. A schematic of the study procedures is presented in Figure 1.
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Data Analyses

Sleep scoring was carried out according to standard methods (Rechtschaffen &

Kales, 1968) for the screening night. Inter-rater reliability of scorers was pre-established

at an agreement of 90%. For Night 2, EEG for each sleep onset was classified as either

wake, Stage la (drowsy wake), Stage lb (traditional Stage 1 sleep) (e.g., Harsh et al.,

1994), or Stage 2. Rather than using the traditional Rechtschaffen and Kales scoring that

requires a large 30-second epoch be categorized as a single sleep state, EEG was stage

scored in a continuous fashion such that each stimulus was correctly binned according to

state. For example, for a 30 s epoch of data when 20 s are Stage 1 and 10 s are Stage 2,

using the standard scoring method would lead to trials within the 10s of Stage 2 being

erroneously binned with Stage 1 ERP trials. By marking the onset/ offset of wake and
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sleep stages at the time of change, ERP trials are more accurately binned. This modified

sleep scoring method is typically used in ERP studies of sleep onset and sleep (e.g.,

Ogilvie et al., 1991; Cote et al., 2002).

For the purpose of averaging ERPs, data was reconstructed into discrete trials

offline. A trial began 1 00 ms before the stimulus was presented and continued for 900 ms

following stimulus presentation. These trials were then averaged and sorted by sleep

stage (w, la, lb, 2) and tone type (standard, target). All trials in which EOG was +

lOOuV were rejected automatically to remove EOG artifact in wake. Trials were also

manually inspected for artifact and were accepted/rejected as needed. Trials with K-

complexes were removed from Stage 2 sleep. This was done because the large amplitude

K-complex, which is sometimes elicited by the stimulus, obscures the smaller amplitude

ERP signals of interest (Cote et al., 2001). After averaging, ERPs were filtered with a

band pass filter of 1 20 Hz for display purposes. The number of trials included for each

ERP grand average for both the good and poor sleepers (pre- and post- sleep wake;

Stages wake, la, lb, 2 of the repeated sleep onset task) is listed in Appendix D.

All ERP amplitudes were measured in comparison to the pre-stimulus baseline

(the average of all activity 100 ms before stimulus onset). Peak ranges used to identify

the various ERP components were determined based on the grand averages. In the

repeated sleep-onsets task, the ERPs to the standard tones were analyzed in order to

identify Nl, P2 and N350 peaks. Nl was measured as the maximum negative peak

occurring 75-150 ms post stimulus, P2 was measured as the maximum positive peak

occurring 150-250 ms post stimulus, and the N350, a sleep-specific waveform, was

examined by picking the most negative peak between 280-380 ms post stimulus. The
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N350 peak was picked in Stages la and lb only; it was not discernible in sleep-onset

wake for the good sleepers, and grand averages revealed it was virtually identical

between the groups (amplitude and latency) in Stage 2. The P300 was examined by

picking the most positive peak elicited to the target tone that occurred between 250-450

ms. The P300 in the wake-attend task, as well as during the repeated sleep-onsets task,

was also quantified as the mean amplitude occurring between 250-450 ms. In addition,

the N350 was also measured by taking the mean amplitude occurring between 280-380

ms to the standards. This method (mean average) was also used for N350 and P300

measurement because these waves are slow and long lasting without a sharp peak.

All data were examined for outliers. One participant had data from site P4

removed from all the sleep-onset ERP analyses due to poor signal quality at that site.

Normality was investigated for the sleep-onset ERP amplitude data and no data set was

deemed problematic. In order to address our main hypotheses regarding hyperarousal,

Group (good sleepers, poor sleepers) x Stage (wake, Stage la, Stage lb, Stage 2) mixed-

model repeated measures ANOVAs were conducted for all sites separately (F3, Fz, F4,

C3, Cz, C4, P3, Pz, P4, Ol, 02) for the various ERP components at sleep onset. The

dependent variables were the amplitudes and latencies of the Nl, P2, N350 and P300, and

the mean amplitude of the P300 and N350 components.

Examination of the grand averages for the P2 component indicated that it was

smaller for the poor sleepers in pre-sleep wake at all frontal and central sites. Although

topographic differences were not hypothesized, results from the grand averages implied

that brain region should be included in a follow up exploratory analysis. A Group (good
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sleepers, poor sleepers) x Region (frontal, central, right) x Hemisphere (Left, Middle,

Right) ANOVA for P2 in pre-sleep wake was thus run.

Pre- and post-sleep ERPs (wake attend tasks) and the performance assessment

battery tasks (i.e., PANAS, Sleepiness and Fatigue scales, Alpha Attenuation Task (FFT),

reaction time task, Novel P3, 2-Back, perception of performance) were examined with

Group (good, poor) x Time (pre, post) repeated measures ANOVAs for all sites (as

above) for Nights 1 and 2 separately. Group differences on polysomnography and

subjective variables from the pre- and post-sleep questionnaires (e.g., sleep-onset latency,

total sleep time) were assessed using independent samples t-tests. The Sleepiness and

Fatigue scales found on pre- and post-sleep questionnaires were assessed using Group x

Time repeated measures ANOVAs.

Fast Fourier transformations (FFT), using absolute power values, were computed

for EEG data recorded during the Alpha Attenuation Task. The following frequency

bands and ratios were investigated as a measure of physiological arousal: theta (4-7 Hz),

low frequency alpha (al = 8-10 Hz), high frequency alpha (oc2 =10-12 Hz), the total

alpha band (aT = 8-12 Hz), beta (16-35 Hz), and Gamma (35-70 Hz). The Alpha

Attenuation Coefficient (AAC) (i.e., the ratio of alpha eyes closed to alpha eyes open),

and an alpha to theta ratio (i.e., alpha eyes closed to theta eyes closed) were also

calculated. Group (good, poor) x Time (pre, post) ANOVAS were run for both nights

separately in order to investigate quantitative EEG.

If the sphericity/homogeneity assumption was not met for any of the above

analyses, the/?-value was adjusted using the Greenhouse-Geisser correction. Significant

F-tests were followed-up with independent and paired-samples t-tests where appropriate.





Results

Polysomnography and Subjective Sleep- Nights 1 and 2

Polysomnography Findings. The polysomnography measures recorded on Night

1 indicated that those with insomnia had a reduced total sleep time and sleep efficiency

when compared with the good sleepers (?(22) = 2.27, p = .034; /(22) = 2.35, p = .032,

respectively). Sleep-onset latency, wake after sleep onset (WASO), and number of

awakenings did not significantly differ between the two groups (see Table 4). Sleep-onset

latencies for Night 2, during the repeated sleep-onsets procedure, are presented in Table

5. Due to the nature of the experimental manipulation, no other polysomnographic

variables were calculated for Night 2.

Table 4

Means and standard deviationsforpolysomnographic data - Night 1

Sleep Parameters
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Table 5

Sleep-onset latency experimental night (minutes)

Group Participant
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Pre- and Post-sleep Questionnaires. Following Night 1 (screening night), those

with insomnia reported a decreased total sleep time and poorer sleep quality compared to

the good sleepers (f(23) = 2.63;/? = .015; t(23) = -3.84,/? = .001, respectively). As seen

with objective measures, subjective accounts of sleep-onset latency and number of

awakenings did not differ statistically between the groups (see Table 6). The good

sleepers correctly identified their total sleep time (objective = 446.19 min, subjective =

455 min, mean difference =1.19 min), whereas the poor sleepers tended to underestimate

their total sleep time (objective = 417.18 min, subjective = 371.54 min, mean difference

= 45.78 min). A subjective/ objective sleep discrepancy variable was thus examined by

subtracting objective total sleep time from subjective total sleep time for all participants.

The results from the univariate ANOVA, however, did not reach significance (F(22) =

4.029,/? = .057). The objective-subjective discrepancy data for each subject is presented

in Table 7.
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Table 6

Means and standard deviations ofsubjective sleep ratings on the post-sleep

questionnaires
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Table 7

Subjective and objective total sleep time and difference scores (minjfor screening night

Group
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On the post-sleep questionnaire following the experimental night (Night 2),

participants rated the amount of "thoughts" and "worries" they experienced during the

pre-sleep period (during the repeated sleep-onsets task). These ratings were investigated

in order to see if the poor sleepers showed subjective evidence of hyperarousal (i.e.,

rumination) during the pre-sleep period. Following Night 2, both groups rated the same

amount of "thoughts"; however, those with insomnia rated significantly more "worries"

(t{23) = -3.02,p = .006) supporting hypothesis 1 1 (subjective measures: poor sleepers

will have more worries during sleep onset) (see Table 6).

A Group (good, poor) x Time (pre, post) repeated measures ANOVA on

subjective fatigue and sleepiness scales revealed a significant interaction for the fatigue

scale (F(l,23) - 10.40,/? = .004) and the sleepiness scale (F(l,23) = 9.15,/? = .006) on

Night 1. Night 2 subjective fatigue and sleepiness scales also revealed an interaction

(F(l,21)= 14.71,/? = .001; F(l,23)= 14.81,/?= .001, respectively). Follow-up

independent samples t-tests indicated that the poor sleepers rated themselves as more

fatigued and sleepy than the good sleepers in the mornings following both Night 1

(fatigue: /(23) = -3.81,/? = .001; sleepiness: t(23) = -3.16,/? = .004) and Night 2 (fatigue:

/(21) = -5.46,/? = .000; sleepiness: /(23) = -4.05,/? = .000) (See Table 8).
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Table 8

Means and standard deviationsforfatigue and sleepiness ratingsfrom the pre- andpost-
sleep questionnaires

Sleep Parameters
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Table 9

Percent response and latency (ms) to the targets during the repeated sleep-onsets task
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Both groups could respond with very high accuracy during wake (i.e., poor

sleepers = 85%, good sleepers - 83%), but were barely able to respond during Stage 2

(poor sleepers = 1 .2%, good sleepers 0.8%) As well, latency increased from wake (poor

sleepers = 520 ms, good sleepers = 662 ms) through to stage 2 sleep (poor sleepers = 662

ms, good sleepers = 673 ms) consistent with hypothesis 1 (reaction time increase at sleep

onset). Examination of the means showed that those with insomnia consistently

responded faster and with greater accuracy in each sleep stage (see Table 9), which is

consistent with the theory of hyperarousal. To examine these mean differences further,

independent t-tests were run to compare percent response and latency for each sleep stage

during each sleep onset. The poor sleepers were able to respond significantly faster than

the good sleepers in Stage lb of sleep onset 2 (/(19) = 2.58,/? = .019) consistent with

hypothesis 2 (poor sleepers will have faster reaction times in stage 1). As well, those with

insomnia had a higher percent response to the targets in Stage la of sleep onset 1 and in

Stage lb of sleep onset 3 (/(21) = -3.245, p = .006; t(22) = -2.l\,p = .047, respectively)

consistent with the neurocognitive model, The poor sleepers, however, could not respond

later into the sleep-onset period as predicted (hypothesis 3). No other comparisons were

significant.

Examining ERPs Across Five Repeated Sleep-Onset Trials. In order to investigate

group differences in information processing at sleep onset, a large number of trials are

needed because of the short duration of wake and Stage 1 sleep. We thus employed a

repeated sleep-onsets procedure; this allowed for a sufficient number of trials for reliable

ERP averaging. Before collapsing ERPs together across sleep onsets, grand average

ERPs to the standard tones were calculated for each stage (w, la, lb, 2) for each sleep
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onset separately. Figure 2 depicts the ERP grand averages to the standard tones for both

groups for each of the 5 repeated sleep onsets. The waveforms appear quite similar across

each sleep onset (i.e., no evidence of systematic habituation or effects of increased

sleepiness). ERPs from each sleep onset were thus collapsed together in order to increase

the number of trials available for averaging.
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Figure 2

Grand average ERPs (site Cz)for each sleep onset (separate lines) by sleep stagefor

both the good andpoor sleepers

Wake Good
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The solid line represents SOI, the dotted line represent S02, the dashed line represents S03, the dashed and dotted

line represents S04, and the dashed and double dotted line represents S05.
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Event-related Potentials at Sleep Onset. A repeated measures mixed-model

ANOVA (Group x Stage) was performed for all EEG sites separately in order to

investigate our main hypotheses. Consistent with hypothesis 4 (Nl amplitude decrease at

sleep onset), both the good and poor sleepers showed a significant reduction in Nl

amplitude at all sites as they passed from wake through to Stage 2 sleep (ps < .001) (See

Figure 3; see Table 10; Table 1 1). Nl latency remained consistent for all participants

throughout the sleep-onset period. At occipital sites, however, Nl latency became earlier

as participants passed from wake through to Stage 2 sleep (ps < .04) (See Table 12).

Contrary to hypothesis 5 (N 1 amplitude will decrease to a lesser extent for the poor

sleepers), there were no interactions or Group effects for the amplitude of the Nl

component.
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Figure 3

Repeated sleep-onsets task- grand average ERPs (site Cz) to the standard comparing

each sleep stagefor both the good andpoor sleepers

Good Sleepers
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The solid line represents wake, the dashed line represents Stage la, the dotted line represent Stage lb, and the dashed and dotted

line represents Stage 2.
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Consistent with hypothesis 4 (P2 amplitude increase at sleep onset), the amplitude

of the P2 component increased at every site as the participants passed from wake through

to Stage 2 sleep (ps < .001) (see Figure 3; Table 13; Table 14). P2 latency was delayed at

frontal sites (ps < .001), Cz(p< .002), and occipital sites (ps < .04) for both groups as

they fell asleep (see Table 15; Table 16). No significant interactions or group effects

emerged for the P2 component when applying the Group x Time ANOVA for each site

separately. When examining the grand averages to the standard stimuli, the P2 amplitude

appeared consistently smaller for the poor sleepers in pre-sleep wake at all frontal and

central sites (see Figure 4; Figure 5; Table 13). A mixed-model Group (good, poor) x

Region (Frontal, Central, Parietal) x Hemisphere (Left, Middle, Right) ANOVA was thus

run for pre-sleep wake, which revealed a region by group interaction (F(2, 44) = 7.285, p

= .002, T| = .25). Consistent with hypothesis 5 (P2 amplitude will increase to a lesser

extent for the poor sleepers), follow-up independent t-tests revealed a smaller amplitude

P2 component for the poor sleepers at all frontal and central sites (e.g., Fz: t(23>) = 2.79, p

= .010; Cz: /(23) = 2.23, p = .036) (see Table 17).
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Figure 5

Repeated sleep-onsets task- grand average ERPs. Zoom ofmidline sites to the standards

in pre-sleep wake comparing the good andpoor sleepers
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The good sleepers are represented by the solid line and the poor sleepers are represented by the dotted line.
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The P300 component to the target stimuli (average amplitude method) showed a

linear decrease at F3, Fz, and all parietal sites (ps < .003) as both the good and poor

sleepers fell asleep. This same pattern was observed for Pz using the peak detection

method (see Table 18, Table 19). There were no P300 latency effects (good M= 356.67,

SD = 28.68; poor M= 365.23, SD = 16.28, taken from pre-sleep wake, used to identify

P300 in all stages). Contrary to hypothesis 6 (P300 will be larger for the poor sleepers at

sleep onset), there were no interactions or group effects. As well, contrary to hypothesis

7, the P300 was not elicited in Stage 2 sleep in those with insomnia. A zoom of the P300

in sleep-onset wake is presented in Figure 6.
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Figure 6

Repeated sleep-onsets task- grand average ERPs to the target in pre-sleep

wake comparing the good andpoor sleepers
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Good sleepers are represented by the solid line, poor sleepers are represented by the dotted

line

Consistent with hypothesis 8 (N350 will appear at sleep onset), the N350

component (mean amplitude analysis) became larger at all sites as both groups passed

from wake through to Stage 2 sleep (ps < .03) (see Table 20; Table 21 ; Figure 3).

Contrary to hypothesis 9 (N350 will appear later in sleep onset for the poor sleepers and

have a reduced amplitude), no interactions or group effects were evident. The amplitude

of the N350 component (peak picking analysis at Cz) also showed no amplitude

differences between the groups in both Stage la and lb (See Table 20). There were no

latency differences between the groups, however, there was a trend for the N350 to be

delayed in those with insomnia during Stage la (/(23)= -2.000, p = .057; good M =

322.33 ms sd= 18.49; poor A/= 336.31 ms,sd = 16.45).
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Exploratory Analyses. As follow-up analyses, several strategies were incorporated

to further investigate any possible P300 differences at sleep onset between our good and

poor sleepers. In Strategy 1 , an attempt was made to include only the more severe poor

sleepers. Poor sleepers were only included if they had their sleep-onset difficulty for at

least 1 year. Based on this criterion 8 poor sleepers along with the original 1 2 good

sleepers were used in the analysis. In the second and third strategies, an attempt was

made to include only those who had a "bad" night of sleep on the experimental night.

In Strategy 2, data were excluded based on sleep-onset latency during the

repeated sleep-onsets procedure. Poor sleepers were only included if they took at least 20

minutes to fall asleep and/or did not reach consolidated Stage 2 sleep on two or more

occasions. Good sleepers were disqualified if they took at least 20 minutes to fall asleep

and/or did not achieve 5 minutes of consolidated Stage 2 sleep on at least two occasions.

Based on this criteria, 9 poor sleepers and 10 good sleepers were included in the analysis.

In Strategy 3, poor sleepers were excluded based on their ratings of thoughts and

worries during the experimental sleep-onset period (as indicated in their post-sleep

questionnaire). Poor sleepers were only included if they rated their worries as closer to

"many" than "few" and if they rated their thoughts as closer to "many" than "few". Based

on this criteria 1 1 poor sleepers remained in the analysis along with the original 1 2 good

sleepers.

In Strategy 4, poor sleepers were excluded based on physiological sleepiness

levels as identified by Fast Fourier Transform (FFT) analysis ofEEG in wakefulness.

This was done in an attempt to eliminate those poor sleepers who may have had their

P300 confounded (i.e., reduced in amplitude) by extreme sleepiness. Initially, poor
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sleepers with an Alpha Attenuation Coefficient (AAC) or alpha to theta ratio (eyes

closed) for the total alpha band (8-12 Hz) of less than 0.5 were removed. This resulted in

the exclusion of 3 poor sleepers. In a second analysis, poor sleepers were excluded if they

had any ratio values (AAC a 1 (8-10 Hz); AAC a2 (10-12 Hz); AAC aT (8-12 Hz);

al :Theta; a2: Theta, aT: Theta) under 0.5. This resulted in the exclusion of 8 poor

sleepers. P300 amplitude (peak amplitude, and average amplitude) was investigated at

site Pz for all these analyses. All exploratory analyses replicated the time effects found

with the original analyses (i.e., reductions at sleep onset). No additional support was

found for hyperarousal in the poor sleepers regarding the P300 waveform.

Several of the participants in the good and poor sleeper groups, did not show a

clearly defined P300 component in pre-sleep wake (e.g., multiple peaks). Two additional

analyses were thus performed in which only those with a clearly defined P300 were

included. In the first, less strict analysis, 8 good sleepers and 7 poor sleepers were

included; in the second, more strict analysis, 5 good sleepers and 5 poor sleepers were

included. Again, these investigations did not yield any P300 differences between the

good and poor sleepers.

Waking Information Processing and Performance Pre- and Post-Sleep.

Event-Related Potentials in the Wake Attend Oddball Task. To investigate

whether poor sleepers are hyperaroused in the waking state (i.e., that poor sleepers are

always hyperaroused/ have a hyperarousal trait), a wake-attend oddball task was used.

ERPs were recorded before sleep at 10:00 pm, and following sleep at 8:00 a.m. This was

done in order to measure alert, waking information processing. Group (good, poor) x

Time (pre, post) comparisons of wake ERPs (mean amplitude) were conducted separately
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for Night 1 and Night 2. This was done because no meaningful interaction with Night

was predicted, and because the screening and experimental nights were inherently

different (i.e., sleep was disrupted on Night 2).

On Night 1 , the mixed-model Group (good, poor) x Time (pre, post) ANOVA run

at all sites did not reveal any findings except a Time effect at C3 indicating that the P300

was larger in the morning for both groups (F(l,22) = 1 1.288,/? = .003). On night 2, there

were significant interactions at sites F3 (F(l,23) = 4.63,p = .042) and Fz (F(l,23) = 4.77,

p = .039). Means indicated that the P300 was larger for the poor sleepers in the evening;

however, follow-up independent t-tests did not reveal any significant differences between

the groups (see Table 22; Figures 7 and 8).
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Figure 7

Wake attend task, evening Night 2- grand average ERPs to the target in alert wakefulness
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Figure 8

Wake attend task, morning Night 2- grand average ERPs to the target in alert

wakefulness
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The peak-picking method applied to the P300 in the wake-attend task revealed no

Time effects, Group effects, or interactions on Night 1 . On Night 2, however, there was a

trend for an interaction at site Pz (F(l,23) = 3.88,/? = .061). Means plots indicated that

the P300 was larger for the poor sleepers in the morning. Follow-up independent t-tests,

however, indicated no differences at site Pz in the evening or morning. P300 peak

latencies revealed Group effects on Night 1 (pre, post) at Fz (F(l,22) = 7.37,/? = .013).

Follow-up independent t-tests revealed that the poor sleepers had a delayed P300 latency

compared to the good sleepers in the morning at site Fz (7(22) = -2.91,p = .007; Good M

= 336 ms, sd = 17.1 1; PoorM= 375 ms, sd = 41.40). No results for latency were found

for Night 2.

Waking Performance Assessment Battery. The waking Performance Assessment

Battery (PAB) was conducted in order to investigate whether the poor sleepers showed

daytime cognitive deficits. The PAB consisted of the PANAS mood scale, Sleepiness and

Fatigue scales, Alpha Attenuation Task (assessing physiological alertness), reaction time

task (measuring sustained attention), Novel P3 task (assessing novelty detection), 2-Back

memory task (assessing working memory), as well as the perception of performance task

(participants rated their overall performance on the battery). All tasks on the PAB were

examined using Group (good, poor) x Time (pre, post) ANOVA analyses for Night 1 and

Night 2 separately. Only the results of the behavioural data are reported in this thesis.

The PANAS mood scale did not show any interactions for positive or negative

mood on either Night 1 or Night 2, however, there were Group effects for positive mood

on both Night 1 (F(l,21) = 8.54, p = .008) and Night 2 (F(l,23) - 10.77,/? = .003)

indicating that the poor sleepers had an overall less positive mood. The perception of
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performance scale also revealed no interactions, however, there was a group effect

indicating that the poor sleepers rated their performance more negatively than the good

sleepers on Night 2 (F(l,12) = 10.96,/? = .003) (see Table 23). These two findings both

support hypothesis 1 1 (subjective measures: poor sleepers will have a more negative

mood) indicating that the poor sleepers had a more general negative mood.

Table 23

Means and standard deviations for the PANAS, Stanford Sleepiness Scale, and
Perception ofPerformance rating
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The Stanford sleepiness scale at the start of the battery on Night 1 (pre-battery)

revealed no interaction or Time effects, however, an overall Group effect was evident

(F(l,20) = 9.09, p = .007) indicating that the poor sleepers rated themselves as sleepier at

the start of the battery in both the evening and morning. An interaction was found for the

post-battery SSS on Night 1 (F(l, 20) = 6.06, p = .023). Follow-up independent samples

t-tests revealed that the poor sleepers rated themselves as sleepier than the good sleepers

in the morning at the completion of the battery (>(21) = -4.36,/? < .001). On Night 2, there

were significant interactions for the pre-battery sleepiness scale (F(l ,22) = 12.48, p =

.002), as well as the post-battery sleepiness scale (F(l,22) = 6.33,/? = .020). Independent

samples t-tests revealed no group differences in the evening, but that the poor sleepers

rated themselves as more sleepy than the good sleepers in the morning both on the pre-

battery (/(22) = -5.28, p < .001) and post-battery sleepiness scales (t{22) = -6.95,p<

.001) (See Table 23). This subjective increased sleepiness seen for the poor sleepers

supports hypothesis 1 1 (subjective measures: poor sleepers will have increased

sleepiness).

The RT task on Night 1 (pre-post) revealed no Time, Group, nor interaction

effects. However, the RT task on Night 2 revealed Time effects for number of lapses.

Both the good and poor sleepers had more lapses (F(l,22) = 5.57, p = .028) in the

morning (see Table 24). There were no significant findings for the Novel P3 task for

either Night 1 (pre-post) or Night 2 (pre-post). The N-Back showed no effects on Night 1

.

On Night 2, however, there was a significant interaction in percent correct response

(F(l,21) = 6.05,/? = .02). Follow-up t-tests revealed that the good sleepers had a higher

percentage of correct responses than the poor sleepers in the morning (/(22) = 3.04,/? =
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.007). There was also a Group effect for Night 2 (pre-post) showing that the good

sleepers were able to achieve a higher percent accuracy to the targets compared to the

poor sleepers (F(l,21) = 5.29, p = .032) (See Table 25). The better performance of the

good sleepers compared to the poor sleepers on certain aspects of the battery tasks

provides additional support for hypothesis 1 1 (poor sleepers will show deficits on the

performance assessment battery).

Table 24

Means (ms) and standard deviationsfor the RT task

RT
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Table 25

Means and standard deviationsfor the Novel P3 and 2-Back tasks
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AAC ocl: On Night 1, both the good and poor sleepers' alpha ratios were smaller

in the morning compared to the evening at all frontal and central sites as well as P4 (ps <

.05) (see Table 26) indicating that both groups were sleepier in the morning. On Night 2,

an interaction was seen at occipital sites (Ol: F(l,23) = 7.65, p = .01 1, T|
2 = .250; 02:

F{ 1 ,23) = 6.37, p = .0 1 9, T) =.21 7). Means plots suggested that the poor sleepers were

sleepier than the good sleepers in the morning; however, independent t-tests indicated no

differences between the groups.





127

o
oo
r- o NOo

o





128

AAC oc2: On Night 1 both groups showed a smaller ratio in the morning

compared to the evening at every site (ps < .04) except for Pz and 02 (see Table 27)

indicating an increase in sleepiness in the morning. On Night 2, the AAC (a2) showed

significant interactions at all the frontal sites as well as at C3, Cz, and 01 (see Table 28).

Follow-up t-tests, however, revealed that the poor sleepers had a smaller AAC (a2) at

site C3 only on the morning of Night 2 (t(23) = 2.50, p = .020) indicating they were

sleepier than the good sleepers. On Nights 1 and 2, the AAC aT also revealed that both

groups became sleepier from evening to morning as indicated by smaller AAC (aT)

ratios at most sites (ps < .05) (see Tables 29, 30).
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Alpha to theta ratios were investigated, which also reflect EEG slowing or

sleepiness. On Night 1, Alpha 2 to theta ratios revealed Time effects on most sites (F4,

C4, P3, P4, 01, 02, ps < .05) showing a smaller ratio in the morning compared to the

evening for both the good and poor sleepers (see Table 31). Alpha 2 to theta ratios on

Night 2 showed the same effects (frontal, central, P3, Pz and occipital sites, ps < .04) (see

Table 32). These smaller alpha to theta ratios in the morning again indicated that both the

good and poor sleepers were sleepier in the morning.
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High frequency EEG (e.g., beta, gamma) is a measure of alertness or effort. It has

been used as an index of hyperarousal and has been found to be higher in those with

primary insomnia than in good sleepers in both sleep and wake. Beta - Eyes Open: On

Night 1 , a Time effect was found at occipital sites only, indicating more alertness/effort

in the morning compared to the evening for both groups (01: F(l,15) = 7.84, p = .013, r|
2

= .343 , ; 02: F(l,15) = 8.15,/? = .012, r\
2 = .352 ). On Night 2, there was a significant

interaction at site Cz only (F(l,23) = 5.18,/? = .033, r\
2 = .184) suggesting that the poor

sleepers had more beta activity than the good sleepers on the morning following Night 2.

The follow-up t-tests, however, were not significant. In addition, a Group effect was

found at F4 indicating more beta activity in the poor sleeper group both pre and post

sleep (F(l,23) = 5.03,p = .035, r)
2 = .179).

Gamma - Eyes Open: Night 1 revealed Time effects at occipital sites indicating

increased gamma activity in the morning for both groups (01 : F(l,15) = 14.72,/? = .002,

r|
2 = .495; 02: F(l,15) = 8.09,/? = .012, T|

2 = .350). On Night 2, interactions were found

at sites Fz (F(l,23) = 5.92,/? = .023, T)
2 = .205) and C3 (F(l,23) = 4.93,/? = .037, r\

2 =

.176). In addition, Group effects were found at sites F3, F4, Cz, C4, P3, Pz, P4 (Fs > 4,/?s

< .050), which consistently indicated a greater amount ofgamma activity for the poor-

sleeper group. T-tests were thus run on significant interactions as well as at all other

frontal, central, and parietal sites since consistent group differences were indicated. In

support of hypothesis 10 (poor sleepers will have increased high frequency activity), the

poor sleepers were found to have more gamma activity than the good sleepers in the

morning at all frontal and central sites as well as P3, Pz, 01 , and a trend at P4 (see Table

33). Figures 9a, b, and c show the group differences in gamma activity at midline sites.
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The poor sleepers had more gamma activity overall, but were also more variable than the

good sleeper comparison group.
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Figure 9a

Gamma activity- eyes open (log-transformed values) at site Fz

ooooooo-





Figure 9c

Gamma activity-eyes open (log-transformed values) at site Pz

000000

Group

The grey box indicates where 50% of the data points occur, the black line in the centre of the grey box indicates the median

value, the upper whisker indicates the upper quartile and the lower whisker indicates the lower quartile.

Discussion

In the present study, the neurocognitive model of insomnia was tested through the

use of event-related potentials. The use of this electrophysiological tool provided a direct

means to assess whether those with insomnia exhibit increased information processing

during the sleep-onset period. Unlike many previous studies, the sample of poor sleepers

in the present study included only those who had a complaint of sleep initiation problems.

This allowed for a focussed investigation of the sleep-onset period in a homogeneous

sample. Consistent with the neurocognitive model and hypothesis 5 (P2 amplitude will

140
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increase to a lesser extent for the poor sleepers at sleep onset), the P2 component was

smaller for the poor sleepers during wake of the repeated sleep-onsets task, reflecting

a problem with disengagement of attention from the environment. None of the other ERP

components, Nl, P300 or N350, differed between the groups.

Polysomnographic and Subjective Sleep- Nights 1 and 2

Polysomnographic Findings. Night 1 : As was expected, the poor sleepers had a

reduced total sleep time and sleep efficiency compared to the good sleepers. These

findings replicate previous studies (e.g., Adam et al., 1986; Bonnet & Arand, 1998;

1995). In the present study, however, sleep-onset latency did not differ between the two

groups. This may be because the poor sleepers had a "reverse night effect" on the first

night in the sleep laboratory, falling asleep faster than they typically would in their home

environment.

Night 2: Because of the nature of the repeated sleep-onsets procedure, only sleep-

onset latency was investigated as an objective measure of sleep. The poor sleepers had

more difficulty falling asleep than the good sleepers during the repeated sleep-onsets

task. Those with insomnia had more instances when they could not fall asleep for the

allotted 35 minute maximum (3 instances), or could not consolidate Stage 2 sleep because

of arousals (8 instances). In the good sleeper group, there was only one instance in which

5 minutes of Stage 2 could not be consolidated because of these reasons (the other

"misses" were because of quick entry into Stage 3 sleep).

Pre- and Post-sleep Questionnaires. The findings from the pre- and post-sleep

questionnaires for the main sleep measures (i.e., sleep-onset latency, number of

awakenings, total sleep time) yielded the same findings as the objective measures. The
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poor sleepers had a decreased total sleep time compared to the good sleepers.

Interestingly, however, there was an accuracy difference regarding the judgement of total

sleep time. The poor sleepers, as a group, underestimated their total sleep time by an

average of 48 minutes whereas the good sleepers accurately judged their total sleep time

(underestimated by approximately 1 minute on average). Although this difference was

not statistically significant, the direction of the mean is consistent with past literature

suggesting that poor sleepers more frequently underestimate their total sleep time (Perlis

etal., 1997).

Contrary to hypothesis 1 1 (subjective measures: poor sleepers will have more

thoughts during sleep onset), the good and poor sleepers did not differ in the amount of

"thoughts" they reported having during the repeated sleep-onsets task. In agreement with

hypothesis 1 1 , however, the poor sleepers reported that they had more "worries". This

mirrors the findings of Harvey (2000) and Nelson and Harvey (2003a) who also

specifically investigated sleep-onset insomnia sufferers. The increased worries found for

the insomnia group provides further evidence that this population is hyperaroused during

the sleep-onset period. The sleepiness and fatigue scales on the post-sleep questionnaires

indicated that the poor sleepers rated themselves as sleepier than the good sleepers on

both mornings. This finding accurately reflects the objective findings of decreased total

sleep time and sleep efficiency for the poor-sleeper group.

Group Differences in Information Processing at Sleep Onset

Behavioural Data at Sleep Onset. Consistent with many past studies (e.g., Cote et

al., 2002; Harsh et al., 1994; Niiyama et al., 1994; Noldy et al., 1988; Ogilvie et al.,

1991) and hypothesis 1, reaction time slowed as both groups of participants fell asleep. In
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addition, both the good and poor sleepers could respond with very high accuracy in wake

of the sleep-onset task, but were rarely able to respond in Stage 2. In support of

hypothesis 2 (poor sleepers will have faster reaction times in stage 1), the poor sleepers

could respond faster in Stage lb of sleep onset 2. In addition, the poor sleepers could

respond more often in Stage la of sleep onset 1, and in Stage lb of sleep onset 3. The fact

that the poor sleepers were responding faster and more frequently is consistent with the

idea that those with insomnia are hyperaroused during sleep-onset.

Event-Related Potentials at Sleep Onset. In support of hypothesis 4, the current

study found that Nl decreased in amplitude (became less negative) and P2 increased in

amplitude (became more positive) as participants passed from wake through to Stage 2

sleep. This is in agreement with many past studies examining ERP changes during sleep

onset in good sleepers (Bastuji et al., 1995; Campbell et al., 1988; Colrain et al., 2000;

Cote et al., 2002; Noldy et al., 1988). Our prediction that the poor sleepers would show a

larger Nl component and a smaller P2 component at sleep onset (hypothesis 5), however,

was only partially supported.

The Group by Stage analyses for Nl and P2 yielded no significant interactions.

When brain region was put into the ANOVA for the P2 component during pre-sleep

wake, however, a significant Group by Region interaction emerged. Follow-up

independent t-tests revealed group differences at all frontal and central sites. P2 was

smaller in the insomnia group compared to the good sleeper group. These findings are in

agreement with those ofYang and Lo (2007) who also found a smaller amplitude P2 for

their poor sleepers. Their analyses, however, are not directly comparable to ours, as their

data was not taken from an entire sleep onset, but from the first 5 minutes of Stage 2
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sleep in a single sleep onset. As well, group differences were found for the target tones

only. Our findings, however, contrast those of Bastien et al. (2008) who found that the

poor sleepers had a larger P2 component at sleep onset (wake and Stage 1 ERPs put

together for analyses). There was, however, a major methodological difference between

the present study and the Bastien et al. (2008) study. In the Bastien study (2008) the task

used was an "ignore" task which could have resulted in different ERP responses. In

addition, their P2 results may be questionable as they were not found where this

component is maximal, site Cz (found only at Pz). In addition, like Yang and Lo (2007),

Bastien et al. (2008) found their P2 differences to the infrequently occurring target tones

(i.e., less trials available for averaging).

The P2 findings in the present study are consistent with hypothesis 5 (P2 will

increase to a lesser extent for the poor sleepers at sleep onset) and with the hyperarousal

theory. The removal of the Processing Negativity (PN) waveform associated with the

disengagement of attention and onset of sleep, appeared to occur to a lesser extent for our

poor sleepers. This was reflected in the smaller amplitude (more negative) P2. Since this

finding was only seen in sleep-onset wake, and not in Stage 1 or 2, it may be the case that

hyperarousal in sleep-onset insomnia is restricted to the pre-sleep waking state. It may

also be that the poor sleepers were not hyperaroused per se, but that the differences found

were the result of the withdrawal of normal waking attention from the environment

(consistent with the psychobiological inhibition model, Espie, 2002).

Inconsistent with the hyperarousal theory and hypothesis 5 (Nl will decrease to a

lesser extent for the poor sleepers at sleep onset), the Nl component did not differ

between the groups during sleep-onset. Loewy et al. (1999) found a larger N 1 for their
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poor sleepers during sleep onset, however this was only found at site Fz (ERPs were

recorded at site Fz only) to the target tones. In addition, Yang and Lo (2007) also found

that their poor sleepers had an increased Nl amplitude, but this was also to the targets

only and during the first 5 minutes of Stage 2 sleep.

In the three studies above (Bastien et al., 2008; Loewy et al., 1999; Yang & Lo,

2007) that investigated Nl and P2 during sleep onset/ first 5 minutes of Stage 2, most of

the group differences were found to the target tones only. By using ERPs generated to the

target tones, fewer trials are available for averaging (i.e., targets typically occur 20% of

the time) so the findings may be less reliable. The present study investigated the Nl and

P2 to the standard tones, which allowed for a larger number of trials (i.e., standards

occurred 80% of the time) and thus more reliable results (see appendix D for number of

trials included in various analyses). There is also the possibility, however, that

differences between good and poor sleeper groups may only be apparent for target

stimuli. The target tone can be thought of as more important or salient as it requires a

detection and response. Thus, those with insomnia may have more of a "hyperaroused"

response to this tone than they would have to the standard, non-pertinent tone.

The main component of interest in the present thesis, the P300, was visible in

sleep-onset wake and decreased in amplitude as participants passed from wake through to

Stage 2 sleep. This was seen for both the good and poor sleepers and is consistent with

findings from other sleep-onset studies with good sleepers (e.g., Bastuji et al., 1995;

Harsh et al., 1994; Niiyama et al., 1994). Contrary to hypothesis 6, however, the P300

was not larger for our poor sleepers during the sleep-onset period. Initially, it was thought

that the mean amplitude measurement technique employed might not have been sensitive
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enough to detect any differences between the groups. Thus, a different method ofpeak

detection measurement was used (i.e., peak picking). Again, no differences between the

groups emerged.

When inspecting the individual grand averages to the target, we found that the

P300 was not clearly formed in a number of participants and did not appear very clear in

the grand averages (amplitude under 3 uV at Pz and had a double peak for both groups).

There was no obvious connection between number of trials and clarity of the ERP (i.e.,

some participants with more trials had a less clear ERP than some with fewer trials).

However, because there were fewer trials available for averaging ERPs to the targets in

general, it may be that there simply were too few trials to see clear responses in all

participants (i.e., some participants may have more variability in their responses and

require additional trials for a clearer average). Wake at sleep onset is very brief. Although

we applied a repeated sleep-onsets procedure, it appears that we still did not have a

sufficient number of trials to produce a very clear P300 response (average number of

trials accepted in pre-sleep wake for targets = 79.6, standards = 433.24). In addition,

because eyes are closed at sleep onset, many participants had a large amount of alpha

activity in pre-sleep wake, which may have obscured their individual grand averages. A

subsequent analysis was thus performed excluding those who did not show a very clearly

defined P300 in sleep-onset wake, however, once again there were no differences found

between the groups.

The null findings regarding the P300 can possibly be explained by the sleep

deprivation literature. It could be argued that the poor sleepers in the present study were

actually sleep deprived (e.g., chronically sleeping less than required to feel refreshed),
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whereas the good sleepers were sleeping their ideal amount, or approximately 8 hours per

night. The sleep deprivation literature has consistently found that the P300 is reduced in

amplitude and delayed in latency in good sleepers who are sleep deprived (Gosselin et al.,

2005; Lee et al., 2003; Lee et al., 2004; Morris et al., 1992). Thus, any hyperarousal

might have been masked by sleepiness.

Future studies may wish to examine the amount of sleep obtained for both the

good and poor sleepers for a specific period of time before the study. This could be done

subjectively through sleep diary or objectively through in-laboratory recordings several

nights prior to the study. It might also be beneficial to design a study in which both

groups receive the same amount of sleep per night for a certain time period before

coming into the laboratory. This could be accomplished by restricting the good sleepers'

sleep time in order to make it equivalent to the poor sleepers'. This method, however,

also has potential problems. The poor sleepers are accustomed to losing sleep whereas the

good sleepers usually get an adequate amount of sleep; this difference could also

differentially affect the results. In the present study, the sleepiness issue was addressed by

performing an exploratory analysis excluding the sleepiest poor sleepers as evidenced by

their FFT data. This analysis, however, still did not yield any significant P300

differences.

Another possible explanation of the null P300 findings is that the amplitude of

this component may have been affected by other variables. Variables that influence

arousal such as temperature, food consumption, and exercise have been shown to

influence the P300 component (Polich & Kok, 1 995). Motivation might also be an

influencing factor. In the Niiyama et al. (1994) study, as discussed earlier, a large
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monetary incentive ($ 1 00) was offered for responding during sleep. These researchers

found that the P300 occurred in late Stage 1 sleep (with vertex sharp waves) when the

participants failed to respond, as well as throughout the night during brief arousals. These

results imply that increased motivation affected the participants' physiological responses,

specifically the P300 component. Researchers investigating another late component (the

ERN, error-related negativity) have found that this component becomes larger in

amplitude with increased motivation as manipulated by monetary reward (Ganushchak &

Schiller, 2008). Future research may thus wish to monitor various environmental factors

affecting arousal level as well as motivation levels in an attempt to understand their

influence on the P300.

The sleep-specific component, N350, appeared as both groups of participants fell

asleep (Stage 1 a or drowsiness) (consistent with hypothesis 8) and increased in amplitude

across the sleep-onset period consistent with past literature investigating good sleepers

(Noldy et al., 1988; Ornitz et al., 1967; Sekine et al., 2001; Weitzman & Kremen, 1965;

Williams et al., 1962) and poor sleepers (Hull et al., 1993). Contrary to hypothesis 9

(N350 will appear later in sleep onset for the poor sleepers and have a reduced

amplitude), however, the N350 did not differ between the groups. This may be because

the N350 is thought to be a component specific to sleep. It may be that the main

mechanisms interfering with sleep initiation are associated with wake, not sleep. In other

words, the sleep ERPs emerge as expected, whereas the changes that are supposed to

occur in the wake ERPs (i.e., Nl, P2) as sleep approaches are disrupted.

Yang and Lo (2007) and Bastien et al. (2008) found that those with insomnia had

a decreased amplitude N350. In the Yang study, however, this difference was found to
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the standards in Stage 2 sleep of the sleep-onset period only (first 5 minutes of Stage 2

from only one sleep onset were analyzed). The Yang and Lo (2007) study used about 1/5

fewer trials than the present study which incorporated 5 minutes of Stage 2 from 4 to 6

sleep onsets. In addition, K-complexes were not excluded from their analysis which also

casts doubt on their findings. In the present study, group differences in the N350

component were not investigated in Stage 2 because when the grand averages were

inspected, this component was virtually identical in latency and amplitude for both

groups. Again, like the Yang and Lo (2007) study, the Bastien et al. (2008) study used

only 1 sleep onset. In addition, in the Bastien study, the N350 group difference was only

found to the deviant tone making it less reliable, and as discussed earlier, a different

methodology was used (i.e., ignore task). As well, the Yang and Lo (2007) and Bastien et

al. (2008) studies did not exclusively investigate those with sleep-onset insomnia. N350

mechanisms may only be disrupted in those with sleep maintenance insomnia.

Waking Information Processing and Performance Pre- and Post-Sleep.

Event-related Potentials in the Wake Attend Oddball Task. The P300 elicited

during the wake-attend oddball task (mean amplitude analysis) on Night 2 (pre, post

sleep) yielded an interaction at frontal sites (F3 and Fz), although follow-up independent

samples t-tests did not reveal any differences between the groups. The lack of difference

between the good and poor sleepers in the alert waking P300 concurs with the findings of

Sforza and Haba-Rubio (2006) and Loewy and Bootzin (1996), however contradicts the

findings of Devoto et al. (2003; 2005), Wang et al. (2001), and Hull et al. (1993).

Interestingly, the differences in the P300 found in the Devoto studies (2003; 2005) were

found at the Fz site. Similarly, the study reviewed earlier by Wang et al. (2001) who used
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a mismatch negativity paradigm (MMN) also found that the poor sleepers had a higher

amplitude MMN wave at the Fz site only. Perhaps then, there simply was not enough

power for the follow-up tests to detect differences at frontal sites in the present study.

Sleep deprivation and/or hyperarousal might have also contributed to the null

results. It could be that sleep deprivation of those with insomnia masked any clear

differences that might have existed in the waking alert P300. As well, hyperarousal might

only be present in some individuals as proposed by Espie (2002). Poor sleepers with

hyperarousal might not have been represented enough in the current sample for waking

differences to be evident. In addition, the "hyperarousal" of insomnia may be more of a

state-like phenomenon which would be difficult to capture during our daytime recording

sessions that took place 1 hour before bedtime and 1 hour after awakening in the

morning.

Is Hyperarousal a State or a Trait Phenomenon? Many have debated whether the

"hyperarousal" thought to occur in insomnia is a "state" phenomenon (meaning it is only

present at the time the sleep problem occurs, i.e., sleep-onset in the present sample on

their subjectively poor nights) or a "trait" phenomenon (a characteristic of the poor

sleeper that is always present) (e.g., Perlis, Smith, et al., 2005). It is most likely that the

time period of the "hyperarousal" phenomenon varies from person to person. Some may

be hyperaroused most of the day (e.g., worrying about their sleep problem), whereas

others might not become hyperaroused until the time they lie down in bed. This likely

variability in daytime hyperarousal would make it difficult to find any differences

between the good and poor sleepers during waking daytime tasks. This might explain the

lack of findings in the wake attend tasks in the present study. As well, the present study
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included some participants with sleep-onset insomnia who also had sleep maintenance

problems, early awakening problems, or both (5 of the poor sleepers). This variation

could have also differentially affected pre- and post-sleep waking results.

Due to the nature of insomnia, there are inherent problems associated with

capturing "hyperarousal" even when the sample consists entirely of those with sleep-

onset issues and the sleep-onset period is specifically investigated. Those with insomnia

do not have "bad" nights every night (Perlis, Smith et al., 2005), thus unless

"hyperarousal" is an ever present trait, it would only be expected to differ if enough of

the poor sleepers have a "bad" experimental night.

Devoto and colleagues (2003; 2005) addressed this issue of hyperarousal being a

state versus trait phenomenon, by separating participants according to "good" and "bad"

nights of sleep. Their participants consisted of those with sleep-onset or sleep

maintenance insomnia. They found a larger P300 pre (Devoto et al., 2003; Devoto et al.,

2005) and post sleep (Devoto et al., 2005) only when their poor sleepers claimed they had

a "bad" night. In the Devoto et al. (2005) study, their data were collected very close to the

sleep period (30 min before and after sleep). It thus seems plausible that these researchers

may have captured "hyperarousal" in enough of their participants which resulted in their

effects.

In order to address the theory brought fourth by Devoto et al. (2003; 2005), that

those with insomnia are only hyperaroused when they have a "bad" night, or that

hyperarousal is more of a state phenomenon, two exploratory analyses were conducted on

the sleep-onset data in the present study. In the first analysis, poor sleepers were only

included if they had trouble falling asleep (SOL >20 min) or consolidating Stage 2 sleep
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on two or more occasions. If good sleepers had two or more of these occasions they were

excluded. In the second strategy, poor sleepers were excluded for rating closer to "few"

thoughts and worries opposed to "many" on the experimental morning post-sleep

questionnaire analogue scales. Both of these attempts to include only poor sleepers with

"bad" nights, however, still yielded no P300 differences between the groups. It may be

that by reducing the sample size in the exploratory analyses, there was insufficient power

to observe the hypothesized effects. Examination of a homogenous group (i.e., those with

sleep onset complaints exclusively) and measurement of a typical "bad" night in a

sufficiently large sample might yield the expected results.

Although the present study used different criteria for classifying "good" and

"bad" nights, our results call into question the findings of Devoto and colleagues (2003;

2005). In the Devoto et al. (2003) study, the sample size was very small (7 good, 7 poor),

participants were permitted one cup of coffee the morning of recording, and recording

times varied from 9:00 am until noon. In their second study (2005), caffeine was not

allowed and recordings were taken within 30 min pre and post sleep. Sleep times,

however, varied for different participants as did recording times. Colrain (2005a)

commented that the Devoto et al. (2005) study is hard to interpret because of its small

sample size (1 1 poor and 1 1 good sleepers), effect size, and power.

Waking Performance Assessment Battery. The PANAS mood scale indicated that

both groups showed less positive affect in the morning. Although there were no

interactions, the poor sleepers had an overall less positive mood score on both nights

during the evening and morning. The sleepiness scale delivered at the end of the battery

indicated that the poor sleepers felt sleepier than the good sleepers in the morning after
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completion of the battery on Nights 1 and 2. The perception of performance rating

showed no interactions, however an overall group effect indicated that the poor sleepers

rated themselves more negatively on the battery. Taken together, these results support

hypothesis 1 1 (subjective measures: poor sleepers will be more sleepy, more negative)

and show that the poor sleepers felt more sleepy than the good sleepers in the morning

and had a more negative outlook overall (i.e., lower performance ratings, less positive

affect). These results concur with literature findings that those with insomnia have a

tendency to worry or dwell on the negative (e.g., Healey et al., 1981; Kales et al., 1983;

Harvey, 2000).

On the most difficult task in the battery, the N-Back working memory task, the

poor sleepers could not identify as many correct targets as the good sleepers in the

morning following the repeated sleep-onsets procedure. All other cognitive tasks on the

computer battery, however, yielded no clear differences between the good and poor

sleepers. Perhaps then, the impact of poor sleep is most sensitive to more cognitively

challenging tasks. It is not uncommon to find behavioural tasks are not affected by

sleepiness. The sleep deprivation/ fragmentation literature has frequently found ERP

differences in the absence of performance deficits (e.g., Lee et al., 2003; Cote et al.,

2003).

Quantitative Analysis of Waking EEC The Alpha Attenuation Task (AAT)

provided evidence that both groups of participants were sleepier in the morning compared

to the evening following Night 1 and Night 2. The majority of Time effects resulted from

ratios calculated with alpha 2(10-12 Hz) (i.e., alpha 2 eyes closed to eyes open; alpha 2

to theta), suggesting that this alpha frequency is most sensitive to changes in levels of
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sleepiness in this sample. The interactions found between the good and poor sleepers for

the alpha attenuation coefficient (AAC) alpha 2 (Night 2 pre to post, i.e., evening to

morning) suggested that the poor sleepers were sleepier than the good sleepers in the

morning. Follow-up analysis, however, only revealed evidence for this at site C3. It may

be that a state of "hyperarousal" would mask sleepiness and therefore the sensitivity of

FFT analysis to detect sleepiness. Perhaps if one is sleepy and "hyperaroused" at the

same time, their alpha ratio would not accurately reflect their sleepiness level (i.e., less

theta activity and more alpha).

The FFT differences found in the high frequency range present a clear difference

between the good and poor sleepers in support of hypothesis 10 (poor sleepers will have

increased high frequency activity). Gamma (eyes open) appeared to be the most sensitive

indicator of physiological differences between the good and poor sleepers. Interestingly,

although there was evidence indicating that the poor sleepers were sleepier than the good

sleepers on the morning ofNight 2 (from sleepiness scales and FFT ratios), their gamma

activity was found to be elevated compared to the good sleepers. While both groups of

participants became more sleepy from evening to morning, the poor sleepers appeared to

be more attentive or exert more effort (i.e., perhaps compensating for increased

sleepiness) in the morning during the performance assessment battery.

It appears contradictory that the poor sleepers, who showed evidence of being

sleepier than the good sleepers in the morning, also had increased gamma activity

compared to the good sleepers. These findings may have resulted because the repeated

sleep-onsets task affected the two groups of participants differently. The poor sleepers

seemed easier to arouse during the task. They appeared more willing to sit up in bed, fill
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out the questionnaire, and do the word search puzzles. The good sleepers, on the other

hand, complained more about being woken up. It may be that the repeated sleep-onsets

task was more challenging for the good sleepers and made it more difficult for them to

concentrate or attend/ exert effort while performing the battery in the morning. In

contrast, the poor sleepers were more accustomed to bad nights of sleep so were possibly

more able to focus in the morning. This appears to be the most likely explanation as the

gamma differences were only present following the experimental night of sleep.

The high frequency activity (HFA) analyses conducted in the present study were

conducted on alert wakefulness data pre and post sleep, whereas the studies reviewed

comparing HFA in good and poor sleepers analyzed data from sleep onset or sleep itself

(e.g., Lamarche & Ogilvie, 1997; Perlis, Kher, et al., 2001; Krystal et al., 2002). Many of

these studies also found evidence for increased HFA in those with insomnia (e.g.,

Freedman, 1986; Lamarche & Ogilvie, 1997; Perlis, Kehr, et al., 2001). These

researchers have interpreted the increased HFA findings in poor sleepers to reflect

increased cortical arousal or hyperarousal. Thus, based on these studies, the increased

HFA seen in our poor sleepers in the morning may indicate that they were hyperaroused

during this time period.

Conclusions and Future Directions

The present study was a test of the neurocognitive model of insomnia through the

use of event-related potentials. Unlike previous studies, the clinical sample in the present

study followed the strict ICSD guidelines for psychophysiological insomnia and included

only those with sleep initiation problems. As well, information processing was tested

during the sleep-onset period specifically, the time in which this population has trouble
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sleeping. The difference found in the P2 component during pre-sleep wake provides some

evidence to support the neurocognitive model.

The neurocognitive model suggests that those with sleep-onset insomnia are

conditioned for hyperarousal during the sleep-onset period. It more specifically states that

this hyperarousal is reflected by increased central nervous system activity, which leads to

increased information processing thereby preventing sleep initiation (Pedis et al., 1997).

Past studies have found evidence in support of this model by investigating high frequency

activity (HFA) in good and poor sleepers, and have assumed that increased HFA found in

poor sleepers reflects increased information processing. The present study incorporated

event-related potentials, which provided a direct means to assess information processing

during the sleep-onset period.

As predicted by the neurocognitive model, increased CNS activity was found in

the poor sleepers in the present study. This was reflected by their smaller amplitude P2

component seen during wake of the sleep-onset period. The smaller P2 seen in our poor

sleepers indicates that they have a deficit in the sleep initiation process, specifically the

disengagement of attention from the outside environment. The poor sleepers were thus

processing information (i.e., the standard tones) to a greater extent than the good sleepers.

Unlike the P2 component, however, the Nl component did not vary between our good

and poor sleepers. It may be that the mechanism responsible for the disruption of sleep

initiation in the poor sleepers is more reflected by the P2 component. A smaller P2 is

thought to reflect a failure to inhibit the processing of external stimuli (Crowley &

Colrain, 2004), whereas the N 1 is thought to reflect more automatic processes such as the

encoding of stimulus features (Atienza et al., 2001).
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The lack of findings for the N350 suggest that this sleep component may be intact

in those with sleep-onset insomnia and that it is the waking components (i.e., Nl, P2) that

may be leading to the deficit in sleep initiation. The N350 findings also fit well with the

neurocognitive model. If the sleep initiation problem is related to hyperarousal or an

increase in attentiveness to the environment, one would expect that the wake components

would be more affected than the sleep components.

The P300 findings in the present study did not support the neurocognitive model

of insomnia and are problematic for various reasons. Many of the individual averages did

not produce clearly defined P300 components during sleep-onset wake. This may be

because there were a limited number of trials available to the target tones as discussed.

When comparing the grand average amplitude of the P300 (site Pz) in sleep-onset wake

(mean amplitude for good and poor sleepers < 3 jiV) to the grand average of the P300 in

the wake attend task (mean amplitude for good and poor sleepers > 6 uV), we see that the

P300 in sleep-onset wake showed a much lower amplitude ERP. This reduced amplitude

may have resulted because of increased variability of responses when participants were

lying down to fall asleep. More specifically, their attention may have waxed and waned

resulting in different latencies and amplitudes of ERP responses from trial to trial. Also,

some theta activity was included in the sleep-onset wake data, which does reflect a more

sleepy state (i.e., pre-sleep wake could have up to 20% theta per epoch, 20-50% theta

would be Stage la). Because the P300 component in wake of the sleep-onset period was

not clear, it is unknown whether additional trials would have resulted in the hypothesized

difference.
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It is not likely that the present study simply did not have enough power to detect

differences between the good and poor sleepers regarding the Nl, P2, and N350

components at sleep onset and the waking P300 component. The sample sizes and

numbers of trials used are consistent with the sleep literature. In addition, the expected

ERP changes occurred from wake to sleep and these occurred for both the good and poor

sleeper groups. As well, the grand averages in the present study are clear for the Nl, P2,

N350, and waking P300 components, further suggesting that an adequate number of trials

were used.

The lack of ERP differences between the groups could possibly be attributed to

our poor sleeper sample. Although the present study used the strict ICSD criteria for our

poor sleepers, their Insomnia Severity Index (ISI) scores suggested that most of them had

only sub-threshold insomnia. The exploratory analysis that only included those who were

more severe, however, also yielded null findings. This analysis included fewer

participants (8 poor, 12 good) so had less power to detect any differences. It is also

possible that some of the poor sleepers may have had sleep state misperception opposed

to psychophysiological insomnia. Those with sleep-state misperception may believe that

they have trouble with sleep initiation when they actually do not. The only way to

accurately identify those with sleep state misperception would be to perform multiple

screening nights. Furthermore, those with psychophysiological insomnia also have some

form of sleep-state misperception as they overestimate their sleep-onset latency and

underestimate their total sleep time (Pedis et al., 1997). Because the poor sleepers in the

present study had shorter total sleep time and reduced sleep efficiency on Night 1 , and
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generally longer sleep-onset latency and trouble consolidating sleep on Night 2, it

appears that the sample did represent those with psychophysiological insomnia.

A number of models have been put fourth in order to understand the etiology and

pathophysiology of insomnia (i.e., physiological, behavioural, cognitive,

psychobiological, neurocognitive). These models provide an excellent framework to test

hypotheses about how insomnia develops and is maintained. Understanding these aspects

of insomnia will lead to new treatment strategies and will improve our understanding of

normal sleep/wake regulation and function. ERPs in particular provide an ideal method to

investigate information processing in wake, sleep onset, and sleep.

In future investigations it will be important to correctly identify those who meet

specific insomnia criteria both subjectively and objectively. Techniques such as keeping a

sleep diary for a minimum of four weeks assessing sleep issues (e.g., number of problem

days, time to fall asleep, number and length of night-time awakenings, daytime deficits)

will provide a better account of subjective sleep than simply asking the poor sleepers to

estimate severity regarding their sleep problems. This technique can aid researchers in

more accurately obtaining a group of poor sleepers who meet their severity and subset

criteria. Likewise, techniques such as incorporating multiple baseline nights of in-

laboratory recording will provide more accurate objective measures of sleep (e.g., sleep-

onset latency, wake after sleep onset, total sleep time, sleep efficiency) helping to more

easily distinguish between those with sleep onset, sleep maintenance, and mixed

insomnia. In addition, the in-laboratory baseline nights can help distinguish whether the

poor sleepers have psychophysiological insomnia opposed to sleep state misperception.
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In future research, it will also be important to investigate ERP differences in

daytime recordings as well as during sleep/sleep onset. The present study recorded ERP

responses to waking attend and ignore oddball tasks in the evening and morning pre and

post sleep, although the ignore task and wake attend Nl and P2 were not analyzed for the

present thesis. By investigating daytime recordings it will be possible to ascertain

whether deficits start before the sleep-onset period, whether they extend into the post-

sleep period, and whether they occur at various other time points throughout the day (i.e.,

state vs. trait debate).

An important application for future research investigating ERPs in those with

insomnia will be to assess treatment benefits using these physiological means. ERPs

could be assessed before and after treatment to see if they change to look like those of

good sleepers indicating treatment success. In this way, objective as well as subjective

measures of treatment efficacy could be obtained. It may be that lasting treatment

benefits only occur when there is physiological evidence of treatment success. Thus, it

may be beneficial to continue various treatments (e.g., cognitive behavioural therapy)

until these physiological changes take place.

More generally, future research should focus on the identification of the

components most sensitive to sleep disruption and the localization of these components to

specific brain mechanisms. As well, it will be important to identify specific times when

ERP deficits are most likely to occur in specific insomnia populations (e.g., sleep-onset

vs. sleep maintenance insomnia) and the type of tasks (i.e., attend vs. ignore) that are

most sensitive to these deficits. As well, methods should be developed in order to more

clearly identify the various types of insomnia populations in research contexts (e.g.,
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psychophysiological vs. sleep-state misperception) and the various individual

(personality characteristics, motivation) and environmental factors (arousal-related

variables) that influence particular ERP components. Insomnia has serious consequences

for health (e.g., increased risks for various mental disorders), safety (e.g., while driving),

and daytime functioning (e.g., concentration, memory, job performance), thus research

efforts should continue in order to help alleviate this highly prevalent condition.
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Appendix A

Preliminary Screening Materials:

Telephone interviews (good/poor), Sleepless in Niagara Questionnaire,

Electronic Sleep Diary (paper version).
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Rona's Insomnia Study

Telephone Interview: Good Sleepers

Date: Time:

I. DESCRIBE STUDY:
Thank you for your interest in our research study. I will first tell you a bit about the

requirements of the study, and then ask you a few questions to make sure you meet the

criteria for participating. Do you have 10 minutes or so to talk? [yes].

We are interested in attention during the transition from wakefulness to sleep in

good and poor sleepers. For the main part of the study, you will need to spend two nights

in a row at the sleep lab at Brock University from 7:45pm to 9:30am. During both nights

we will record your sleep at night using electrodes placed on your head and face; and we
will ask you to perform computer tasks during the evening/morning. On the first night, we
will also monitor your breathing and leg movements to make sure you do not have any

sleep disorders. On the 2
nd

night, we will deliver auditory tones to you through walk-man

earphones as you fall asleep. These tones are not loud, and they are not expected to keep

you awake; we simply want to monitor how your brain processes these tones as you fall

asleep. We will wake you up several times during the first part of the night to repeat the

procedures, and then allow you to sleep the remainder of the night undisturbed.

Before this main part of the study begins, there are two additional participation

commitments. First, you will need to come in to the sleep lab for an information session

(~1 hour), where you will be shown the facilities, learn more about the study, perform

various computer tasks, and complete several questionnaires to ensure eligibility. Second,

for a minimum of 1 week prior to your stay in the lab, you will be required to fill out a

sleep diary each morning. This will be done at your home and should only take

~3min/day.

For completion of the entire study you will receive an honorarium of $50. The

breakdown of the honorarium is as follows: You will receive $25 for completion of the

first overnight, and $25 for completion of the second overnight. If you are using this

research participation for a class assignment at Brock, then you will receive this research

participation for completion of the first overnight, and $25 for completion of the second

overnight.

Do you have any questions about the study?

*Are you interested in participating? [yes]- Okay, I have a few questions for you to

make sure that you are suitable for the study. If you are the type of person we are looking

for, we will have you come in for the orientation session. You can decide at that time if

you would like to participate in the rest of the study.

II. INCLUSION CRITERIA:
Age [17-35]:

Weight:

How tall are you?

Gender: (Circle): M / F

Smoker: Y / N [No]





Handedness: R / L [R]

Is English your first language?/ Are you fluent in English? [yes]:

How many caffeinated drinks do you typically have in a day, e.g., coffees, teas, or colas?

(<2)

Would you have a problem going two consecutive days without caffeine?

SLEEP
1. Do you consider yourself to be a good sleeper? [yes]

2. What are your usual sleeping times (e.g., bedtime and rise time) [~1 1 :00-07:00]:

3. How does this change on weekends? [sleep-in a bit is ok]:

4. How much sleep do you feel you need each night?

5. In the last month, how many hours (on average) have you slept each night?

6. Do you have any difficultyfalling asleep at night? [no/rarely]:

7. How long, on average, does it take you to fall asleep? [<30minutes]

8. Do you often wake up during the night and are unable to return to sleep [no]:

9. Have you ever been diagnosed with a Sleep Disorder?[no]:

10. Would you describe yourself as excessively tired during the day? [no]:

1 1

.

Do you feel your sleep is restorative? [yes]

12. Do you or have you ever done night shift work? [no current or recent shift work]:

13. Do you take daytime naps? Y / N
How frequently (# / week) Duration

HEALTH
1. Are you presently in good health [yes]:

2. Any medications [no, except BCPs]:

3. Any history of depression or anxiety, head injury (e.g., car accident, stroke, loss of

consciousness), neurological disease (epilepsy), chronic pain, [no to all]:





CONTACT INFORMATION

Name:





Rona's Insomnia Study

Telephone Interview: Poor Sleepers

Date: Time:

I. DESCRIBE STUDY:
Thank you for your interest in our research study. I will first tell you a bit about the

requirements of the study, and then ask you a few questions to make sure you meet the

criteria for participating. Do you have 10 minutes or so to talk? [yes].

We are interested in attention during the transition from wakefulness to sleep in

good and poor sleepers. For the main part of the study, you will need to spend two nights

in a row at the sleep lab at Brock University from 7:45pm to 9:30am. During both nights

we will record your sleep at night using electrodes placed on your head and face; and we
will ask you to perform computer tasks during the evening/morning. On the first night,

we will also monitor your breathing and leg movements to make sure you do not have

any sleep disorders. On the 2
nd

night, we will deliver auditory tones to you through walk-

man earphones as you fall asleep. These tones are not loud, and they are not expected to

keep you awake; we simply want to monitor how your brain processes these tones as you

fall asleep. We will wake you up several times during the first part of the night to repeat

the procedures, and then allow you to sleep the remainder of the night undisturbed.

Before this main part of the study begins, there are three additional participation

commitments. First, you will need to complete a short questionnaire online to provide us

information about your sleep difficulties. Second, you will need to come in to the sleep

lab for an information session (~1 hour), where you will be shown the facilities, learn

more about the study, perform various computer tasks, and complete several

questionnaires to ensure eligibility. Third, during the two weeks prior to your stay in the

lab, you will be required to fill out a sleep diary each morning. This will be done at your

home and should only take ~3min/day.

For completion of the entire study you will receive an honorarium of $50. The

breakdown of the honorarium is as follows: You will receive $25 for completion of the

first overnight, and $25 for completion of the second overnight. If you are using this

research participation for a class assignment at Brock, then you will receive this research

participation for completion of the first overnight, and $25 for completion of the second

overnight.

In addition, you will receive an "Educational Program for Getting a Good Night's

Sleep". This take-home program consists of 6 information modules incorporating

techniques to help you sleep better. If you choose to partake in this program, the primary

investigator will meet with you following your laboratory stay, give you all six of the

modules, and go through the first module with you in detail. You will also have an

opportunity to ask questions at that time. After the six-week program, you will be asked

to complete two questionnaires (by email) and again fill out the electronic sleep diary for

a period of two weeks. While undertaking the program, you may contact the researcher at

any time if you have questions or concerns. Carrying out this program is optional, and

you may choose to simply receive the information, complete part of the program, or

complete the full program.





* Do you have any questions about the study?

*Are you interested in participating? [yes]- Okay, I have a few questions for you to

make sure that you are suitable for the study. Ifyou are the type of person we are looking

for, then we will have you come in for the orientation session. You can decide at that

time if you would like to participate in the rest of the study.

II. INCLUSION CRITERIA:
Age [17-35]:

Weight:

How tall are you?

Gender: (Circle): M / F

Smoker: Y / N [No]

Handedness: R / L [R]_
Is English your first language/ Are you fluent in English? [yes]:

How many caffeinated drinks do you typically have in a day, e.g., coffees, teas, or colas?

(<2)

Would you have a problem going two consecutive days without caffeine?

SLEEP
1 . Have you ever been diagnosed with a sleep disorder? (if so, what disorder): [No, Yes-

insomnia]

2. Have you ever been to a sleep clinic?

3. What are your usual sleeping times (e.g., bedtime and rise time) [~1 1 :00-07:00]:

4. How does this change on weekends? [sleep-in a bit is ok]:

5. How much sleep do you feel you need each night?

6. Do you have difficultyfalling asleep at night [yes]:

7. On nights when you have trouble falling asleep, how long on average does it take you?

(hours/minutes) [30 minutes or more]

8. How many nights per week does this occur? [3 or more]

9. On nights when you have trouble falling asleep, how much sleep do you get? [hrs and

min.]

10. How long have you had this difficulty initiating sleep? (months/years) [1 month or

more]

1 1

.

Do you often wake up during the night and are unable to return to sleep? [yes/no]: If

yes, how many awakenings and how long do they last?





12. Do you often wake up too early in the morning and are unable to fall back asleep?

[yes/no]: If yes, how many nights per week?

13. Would you describe yourself as excessively sleepy during the day? [yes/sometimes/

or yes to next question]

14. Do you have trouble functioning during the day? [sometimes/yes]. Please specify

(e.g. trouble paying attention or staying awake in class, studying, getting things done)?

15. Are you taking any medications for your sleep problem? [No]

16. Are you engaging in any practices to alleviate your sleep problem, e.g., alternative

medicines, relaxation techniques?

17. Why do you think you have trouble sleeping?

18. Do you or have you ever done night shift work? [not currently or recently]:

19. Do you take daytime naps? Y / N
How frequently (# / week) Duration

HEALTH
1. Are you presently in good health? [yes]:

2. Any medications? [no, except BCPs]:

3. Any history of depression or anxiety, head injury (e.g., car accident, stroke, loss of

consciousness), neurological disease (epilepsy), chronic pain, [no to all]:

CONTACT INFORMATION

Name:





Screening Form

Directions for filling out the sleep and health information questionnaire:

1 . Please complete the entire form. Try not to leave any question unanswered. If you are unsure
about an item, please make a comment in the next "Comments" section of the form, so that we
can obtain the most accurate data possible.

2. A few of the questions on the form may be considered by some as fairly personal. Please
answer as truthfully as you can and be assured that your answers are strictly confidential. No one
but the staff of the Sleep Research Laboratory will have access to the information you provide.

3. The form consists of 8 sections. At the bottom of each section is a button that will take you to

the next page. When you are finished, don't forget to press the SUBMIT FORM button at the end
of the questionnaire.

Section 1 of 8: General Information

First Name -

1





I

New SDODcr

_ I Female ]
Sex: I —J

Age: I years

I

Height:

>

cm or

3

—
I Feet I —

«

Inches

Weight: I kg (or I lbs)

^.|
Rght TJHandedness:

Marital Status:
Single 3

Education:
No High School

Employed Full-Time
Employment Status

:

Professional/ Managerial I

Occupation: > —

l

If Other, please specify:

Mornings

Afternoons

Business Hours

Evenings

Overnight

Variable
Typical Work Shift:

Preferred Time To Go To Bed:
PM

Preferred Time To Get Out Of Bed And Start Your Day:

(Tip: Hold down CTRL for multiple selections)

3
AM

Have you ever participated in a research study before?r^~3

If yes, please describe here

J_J J1

Have you ever participated in a clinical sleep study before?
No 3





Do you have any questions or comments about section 1 ?

ftoceed to Section 2 »

Section 2 of 8: Basic Sleep / Insomnia Information

Your name: I

Please complete the following statements:

sr-g
During work/school days, I typically go to bed at

During work/school days, 1 typically wake up at I I -13

.

During weekends and holidays, I typically go to bed at I -H

.

During weekends and holidays, I typically wake up at I -U.

I do ~~TI
1

1

—"feel that I sleep better on weekends compared to weekdays.

It takes me an average of I minutes to fall asleep.

I typically wake up I times in the middle of the night but fall back asleep.

These things typically prompt me to wake up in the middle of the night: (ex. schedule, kids, pets,

etc.)'

IHieMy sleep I —(disturbed by my bed partner's snoring or movement.

I immediately ]
When I wake up in the middle of the night, I feel awake ' —I.

Ngvgt w I

When I awaken 1

1

—Jexperience coughing, wheezing, or heartburn.

All together, I spend about I minutes awake at night.





Sometimes wl
I > —'awaken 30 minutes or more before I intend to. (If so, how much? I minutes)

8FlfI usually get I —"hours of sleep on an average night . This is true for approximately

days per week. (How long has this been a problem: I ).

Do you take daytime naps? I -^J

How many days per week do you typically nap?

How long do your naps usually last? I minutes

, did w\ r „ „ I w hat event?
Insomnia • —Jfollow a specific event (

I

).

My sleep problems cause me distress or impact my daily functioning / performance in the

following way(s) (check all that apply):

Personal Relationships

Ability To Socialize In The Evening Or At Night

Attention

Concentration

Daytime Energy Level

Mood

Work Performance

describe..
Other:

'

-^J previously received treatment for sleep problems.

If not, it was because

If so, please describe what the treatment was (e.g., counseling, relaxation therapy, massage,

r
drugs)





Do you have any questions or comments about section 2?

3

Proceed to Section 3»

Section 3 of 8: General Health Questions

Your name:

3o you currently have any medical problems (hold CTRL for multiple selections)?

Diabetes

Asthma

Thyroid Dysfunction

Heart Dsease

Chronic Pain

Cancer

GB3D
BS
Other

(If "other" please specify:
)

Please list any prescription medications, over-the-counter medications, vitmins, or herbal

supplements:

Type

Example: Aspit





Ftease describe any more medications hei

^r
1

Are you sensitive to any medications? 1 -^J

If so, which medications: I

Have you ever had an allergic reaction to any medications?

If so, which medications:

No "TJ

Have you even had a head injury or concussion? I ZJwhen:

If yes, did you lose consciousness?
No ~T1

Have you ever had a seizure or seizure disorder?

___ _j

For women:

No
Are you currently pregnant or breastfeeding?

No
Do you currently have plans to become pregnant soon? I 3
Have you reached menopause? I —

'

If yes, has it been more than two years ago? I

Do you use birth control pills? I

No
—
71

No !

Do you CURRENTLY have trouble with any of the following type symptoms (press CTRL for multiple

selections):





depression

anxiety

nerves

posttraumatic stress

panic

Have you had trouble with any of the following symptoms within the last five years (press CTRL for

multiple selections):

depresston

anxiety

nerves

posttraumatic stress

panic

If yes, were the symptoms serious enough that you sought out treatment?

„ I
Primary Care Doctor ^1

If yes, who were you treated by? 1 —

I

* d

If yes, how long were you in treatment for? I

Did this treatment involve any medications? I -^JWhich ones? I

Have you eve r seen a counselor, Psychologist, Psychiatrist, or any other type of mental health

professional? I -^J

If yes, what were you in treatment for, and for how long:

Do you take or have you ever taken any psychiatric medications?

If so, which ones:

Have you ever been hospitalized for psychiatric reasons?

Has anyone in your family ever suffered from a mi

panic/depression, bipolar disorder or depression?

No ~~Z\

Has anyone in your family ever suffered from a mental illness such as schizophrenia,

If so, whom (and with what):

Do you have any questions or comments about section 3?





_dJ J
Ffoceed to Section 4 »

© 2002 Sleepless In Niagara

«cam*LCf*

Section 4 of 8: General Health Behaviors

Your name:

How much of the following do you typically consume in a day?

Coffee: Tea: Caffeinated Soda:

Do you limit caffeine after a certain time of day?
No

Chocolate:

3

Would you be willing to stop drinking caffeinated beverages during a study?

-^J Have you ever smoked? I —
I If so,

I

* d

Do you smoke?
No

when?

Do you use other nicotine products?
No

If so, what and how much?

Do you drink socially? I

No

No
Do you use any drugs recreationally (this is important and CONFIDENTIAL)?

Please list any regular drug use or alcohol use (this is important and CONFIDENTIAL)

3





Type

Example: Martini

Amount

2

Schedule

once a day

Time

in the evening

r

No
Do you feel that alcohol or drug use has been a problem for you?

Have you ever been in treatment for a problem with alcohol or drugs?
No ~^j

If yes, what were you in treatment for and for how long?

Would you be willing to stop drinking alcohol or using recreational drugs during the course of a

study?
No H

Do you have any questions or comments about section 4?

3

JJ
I

Proceed to Section 5»

Section 5 of 8: Sleep Related Behaviors

Your name:

Do you often feel that you are extremely sleepy during the day such that you find yourself falling

asleep at inappropriate times and/or places? I —»How often? I

Does this happen when you do any of the following (check all that apply):

Sitting and reading





Watching T.V.

Sitting in a public place

At work

Sitting and talking to someone

Stopped in traffic

Driving a car for less than an hour

Have you ever been told that you snore loudly? I
* zl

How often do you snore?

Have you ever been told that you stop breathing or that you seem to hold your breath while

o (~No "71
sleeping? I m

How often does this happen? I

Do you sometimes awaken at night gasping for breath or with difficulty breathing? I

How often does this happen?

No -T|

Do you often wake up with a headache?
nb ~3

How often does this happen?

Do you experience sudden attacks of sleep during the day (one second you're awake, another

I No 71
you're asleep)? I —

I

How often does this happen? I

Do you sometimes experience muscular weakness if you have a strong emotion?

How often does this happen? I

"° ~3





Do you sometimes feel paralyzed as you fall asleep or when you wake up?r^—-3

How often does this happen?

Do you sometimes see or hear things upon waking up or going to sleep (like you're dreaming
I No Z\

except you know that you're awake)? I —

I

How often does this happen?

Do you notice an unpleasant feeling (creepy crawly) or sensation in your legs as bedtime

I No ^1
approaches? I —

»

How often does this happen?

Have you ever noticed, or has anyone ever told you of, jerking leg movements during sleep?

How often does this happen?

Do you frequently wake up with muscle cramping?

How often does this happen?

Which muscles are involved?

No !

No <r|

Do these leg problems interfere with sleep? I

Have you ever awakened from nighttime sleep with terribly frightening dreams? 1

How often does this happen? I

Have you ever had abrupt awakenings from sleep beginning with a loud scream?

How often does this happen?

No "3

I
* d

No <•>

Have you had episodes of arising from bed during sleep and walking about?

How often does this happen?





No ~T\
Do you frequently travel across time zones?

No
Have you ever worked a rotating shift or the night shift?

'

Do you have any questions or comments about section 5?

1

<L

FVoceed to Section 6»

Section 6 of 8: Sleep Beliefs

Your name: I

11 Not True 71—IWhen I don't get a proper amount of sleep on a given night, I need to

catch up the next day by napping or by going to bed earlier on the following night.

I 1 Not True 71
2.

1

—II am worried that if I go for one or two nights without adequate sleep I

could completely "fall apart".

I 1 Not True

~~
71

. .

3.

1

—1 1 worry that chronic insomnia could have serious consequences for my
physical health.

11 Not True 71—IWhen I have trouble falling asleep, my sense is that I should stay in

bed because I might fall asleep or at very least I'll get some rest...

11 Not True 71—1 1 often worry that I may lose control over my ability to sleep.

6.

1

-UAfter a poor night's sleep, I know that my ability to function the next

day will be compromised.

7.

1

-^JWhen I sleep poorly on one night, I know it will disturb my sleep

schedule for the whole week.

. 1 Not True 71
8.

1

—1 1 feel like insomnia is ruining my ability to enjoy life and prevents me
from doing what I want.





I 1 Not True -rl

9.

1

—'My sleep is getting worse all the time and sometimes I feel like there's

not much anyone can do to help.

I 1 Not True -w\
10.

1

—«l often fall asleep while watching TV, but am unable to return to sleep

when I go to my bedroom .

,
1 Not True !

11.1 —1 1 sleep better when I'm away from home.

. 1 Not True -rl

12.

1

—
I If I had the opportunity to nap, I would fall asleep easily.

,
1 Not True ~~7|

13.

1

—'When I am trying to sleep, I feel tense or have trouble slowing my
thoughts down.

. 1 Not True !
14.

1

—!My problem with insomnia seems to have a "life of its own" (i.e., hard

to predict when it will be a problem or what things make it better or worse.)

Do you have any questions or comments about section 6?

3
I

FYoceed to Section 7»

Section 7 of 8: Insomnia Severity Index (ISI)

Your name:

This scale is referenced from the following work:

Morin, C. M. (1993). Insomnia: Psychological Assessment and Measurement. New York: Guilford

Press.

1. Please rate the current (i.e., last 2 weeks) severity of your insomnia problem(s):

Difficulty falling asleep: |
ONone

_^J

Difficulty staying asleep: I
ONone

*J

Problem waking up too early: |
None ^j





2. How satisfied / dissatisfied are you with your current sleep pattern? I

Very Satisfied —

I

3. To what extent do you consider your sleep problem to interfere with your daily functioning (e.g.

daytime fatigue, abi lity to function at work / daily chores, concentration, memory, mood, etc.)?

Not at all

4. How noticeable to others do you think your sleeping problem is in terms of impairing the quality

I Not at all *\
of your life? I —

5. How worried / distressed are you about your current sleep problem?

Do you have any questions or comments about section 7?

Not at all "3

<u

R-oceed to Section 8 »

tcsmvicj*

Section 8 of 8: Pain

Indicate the severity of any pains, aches, or stiffness that you are experiencing right now ('0'

indicates no discomfort, '6' indicates the worst possible discomfort)

,
5 ^Head I —1

n—

q

Neck I —

I

Shoulders 3





Upper limbs 1





Brock University Sleep Research Laboratory

Sleep & Activity Diary

Instructions:

Please complete this diary each MORNING within 30 minutes after getting out of

bed. It is important that you complete the diary first thing in the morning, and at

approximately the same time each day.

To enter your data electronically, go to: http://www.brocku.ca/sleeplab/diary/ and

click on Sleep Diary. Next you will be prompted to enter your access code:

Don't forget to press the SUBMIT button at the end to send your data.

If your data was sent successfully you will receive the message "your diary

submission was successful", if not you will be prompted to enter info in a missed

required field.

If you are unable to enter the data by computer in the morning, you may log your

responses on paper and then enter them by computer later in the day (but, be sure to

indicate the exact time you logged your responses on paper).

Questions: Contact Rona Kertesz at: 905-685-5550, ext. 3795

or by email at: rk04yl@brocku.ca

Today's Date:

Time:

Going to Bed:

1

.

What time did you go to bed last night (lights out)? (hour and minutes)

2. How long do you think it took you to fall asleep?

_(minutes)

3. Did you experience any intrusive thoughts or worries when you were lying down
to fall asleep? Circle: Y or N
If YES-answer 3a and 3b below

a. How frequently did these thoughts, worries, and concerns come to mind as

you were trying to fall asleep? Select # between 1 and 7

1- my mind was free of thoughts, worries and concerns

4-my mind had some thoughts, worries, and concerns

7- my mind was filled with thoughts, worries and concerns

b. How distressing were these thoughts? Select # between 1 and 7

1 -not at all distressing

4-somewhat distressing

7-very distressing





4. Were there any unusual circumstances that made it difficult for you to fall asleep?

(e.g. noise, temperature, physical symptoms, etc) Circle: Y or N
If yes, Explain:

During the Night

5. Please rate the quality of your sleep last night, from your worst possible sleep (1) to

your best possible sleep (7).

Select # between 1 and 7

6. a. How many times did you wake up in the middle of the night?

b. How much time did you spend awake in the middle of the

night? (total duration for all awakenings combined) (in minutes)

7. Were there any unusual circumstances that kept you awake during the night? (e.g.

noise, temperature, physical symptoms, etc) Circle: Yes/No

If yes, Explain:

Upon Awakening

8. At what time did you wake up in the morning (time of last awakening)?

(hour and minutes)

9. At what time did you get out ofbed in the morning?

minutes)

10. When I got out ofbed this morning I felt:

a. Fatigue Scale Select # from 1 to 7

(hour and

Full of energy: enough to tackle my usual physical activities





b. Stanford Sleepiness scale Select # from 1 to 7

Feeling active, vital, alert, or wide awake









203

Appendix B

Orientation Package:

Informed Consent Forms (good/poor), Personal Information Questionnaire, IPIP-NEO Personality

Questionnaire, Fatigue Questionnaire, Circadian Rhythm Questionnaire, Toronto Sleep-Wake

Questionnaire, Rochester Sleep Continuity Inventory.





Letter of Information - consent Form (Good sleepers)

Title of Study: "Information Processing During Sleep Onset in Good and Poor Sleepers"

Primary Investigators: Rona Kertesz, B.A., Kimberly Cote, Ph.D.

You are being invited to participate in a research study, the purpose of which is to investigate attention

during the transition to sleep in good and poor sleepers.

During this one-hour orientation session, you will undergo a hearing test, complete questionnaires on your

sleep habits and personality characteristics, and perform some computer-based performance tasks (e.g,

reaction time, memory). Following this, you will be asked to keep a sleep diary for a two-week period (at

home, ~3min/day) prior to beginning the main study in the laboratory. You will not be compensated for this

time if you do not participate in the remainder of the study.

If selected to participate in the study, you will be required to spend two consecutive nights , from 7:45 pm to

9:30 am, in the Sleep Research Laboratory at Brock University. The purpose of the first night is to screen

for sleep disorders. Ifwe find any evidence of a sleep disorder, you will be excluded from the remainder of

the study, but you will be compensated for this time. The Brock University Sleep Research Laboratory does

not provide a complete clinical assessment of sleep disorders. Ifwe find evidence of sleep-related breathing

or movement disorders, even if not severe, it will be recommended that you consult your family doctor for

a referral to a sleep disorders specialist for a full diagnostic assessment.

On both nights, prior to going to sleep, you will be asked to complete various questionnaires and to perform

several computer-based tasks. Sleep will be recorded by placing electrodes on your scalp to measure brain

wave activity. Electrodes (applied with water-soluble paste, not glue) will also be placed near your eyes to

measure eye movements, and under your chin to measure muscle movement. By measuring activity from

the brain, eyes, and muscles, we can determine how deeply you are sleeping. During the first night only,

electrodes will also be placed on your legs to measure leg movements, on your chest to measure heart rate,

and respiration belts will be worn around your chest and waist to monitor breathing during sleep. On the

first night, you will sleep undisturbed from 1 1:00 pm to 07:00 am. In the morning, you will again be asked

to complete questionnaires and to perform the same computer-based tasks. The electrodes will then be

removed, and you may take a shower and eat breakfast in the laboratory. You will be free to leave by about

9:30 am, but it is important that you not nap or drink caffeine before returning for the second night. The

electrodes may cause some temporary skin irritation such as redness or dryness for some people.

On the second night, the electrodes will again be applied to your head and face (the leg electrodes and

respiratory bands will not be applied on the second night). In the evening before bed, and in the morning

upon rising, you will be asked to complete the same questionnaires and computer-based tasks as on the

previous night. On this second night, we will ask you to respond to tones as you fall asleep. To do this, we
will deliver very brief tones to both ears using Sony walk-man earphones. A response button will be

attached to your right-hand using Velcro. You will hear two different tones (a lower and a higher pitch

tone); your task is to listen to the tones and press the button each time you hear the higher pitch tone. After

you have been asleep for a period of time, the experimenter will awaken you, turn on the light, and ask you

to get out of bed to perform a 10-minute performance task. You will then be permitted to return to bed, and

the tones will again be presented to you as you fall asleep. We will repeat this procedure several times

during the first part of the night, then you will be allowed to sleep through the remainder of the night

undisturbed. In the morning, the electrodes will be removed, and you may take a shower and eat breakfast

in the laboratory. You will be free to leave by about 9:30 am. Participants should be aware that they may
feel sleepy after participating in the overnight study and should therefore use reasonable care and judgment

if operating a vehicle or machinery the next day.

For full completion of the laboratory portion of the study you will receive an honorarium of $50. The

breakdown of the honorarium is as follows: You will receive $25 for completion of the first overnight, and

$25 for completion of the second overnight. If you are using the research participation for a course





assignment, then you will receive research participation for completion of the first overnight, and $25

dollars for completion of the second overnight.

Your participation in all parts of this study is voluntary and you may withdraw from the study at any time,

for any reason, without penalty. You are under no obligation to answer any question or participate in any

aspect of this project that you consider invasive, offensive, or inappropriate. You may ask further questions

at any time.

All information you provide will be considered confidential; your name will not be associated with the data

collected in the study. Furthermore, because our interest is in the average responses of the entire group of

participants, you will not be identified individually in any way in written reports or presentation of this

research. Only the researchers named above, and staff of the Sleep Laboratory working under the

supervision of these researchers, will have access to the data.

Benefits: All participants will have the opportunity to learn about how Psychological research is conducted,

and sleep research in particular. Insomnia (i.e., difficulty falling asleep and staying asleep) is a highly

prevalent sleep disorder with significant daytime consequences. There are no published studies to date that

have investigated brain information processing in poor sleepers. The knowledge gained from this study

may shed light on the neurological underpinnings of insomnia, and potentially uncover a "biomarker" of

poor sleep that may be used to track behavioural and pharmacological treatment efficacy strategies.

The Sleep Laboratory is under video surveillance 24-hrs per day for the purpose of keeping a record of all

persons entering the laboratory during the research study. The data from the videotapes will not be used in

presentations or advertising.

Participation in this research project is NOT a clinical assessment of a sleep disorder and no individual

feedback will be provided.

Results of this study may be published in professional journals and presented at conferences. Feedback

about the outcome of the study will be available on our website after final publication of the data:

(http://www.brocku.ca/sleeplab/research.htm).

Electronic data will be kept indefinitely in the archives of the sleep lab and paper data will be destroyed

after publication of the results.

If you have any questions about this study or require further information, please contact the Principle

Investigator or the Faculty Supervisor (see below). This study has been reviewed and has received ethics

clearance through the Research Ethics Board at Brock University (REB file # 05-272).

Psychology Department, Brock University

Principle Investigator: Rona Kertesz (905) 688-5550, ext. 3795, email: rk04yl@brocku.ca

Supervisor: Dr. Kimberly Cote at (905) 688-5550, ext. 4806.

If you have any comments or concerns about your rights as a research participant, please contact the

Research Ethics Office at Brock University, at (905) 688-5550 Ext. 3035, reb@brocku.ca

Thank you for your time and assistance with this important research project!

I agree to participate in the study described above. I have made this decision based on the information I

have read in the Information-Consent Letter. I have had the opportunity to receive any additional details I

wanted about the study and understand that I may ask questions in the future. I understand that I may
withdraw this consent at any time.

Please sign both copies of this consent form and keep one for your records.

Name:





Signature: Date:

***Please sign one of the two statements below indicating your compensation for participation:

1) Research Participation and Honorarium
I am participating in this experiment for research participation for an assignment in a University course,

AND for a $25 honorarium.

Signature of participant course for participation Signature of experimenter

OR
2) Honorarium Only

I am participating in this experiment for a $50 honorarium. I agree that participation in this study will not

be used toward research participation hours for an assignment in a University course.

Signature of participant Signature of experimenter





Letter of Information - consent Form (poor sleepers)

Title of Study: "Information Processing During Sleep Onset in Good and Poor Sleepers"

Primary Investigators: Rona Kertesz, B.A., Kimberly Cote, Ph.D.

You are being invited to participate in a research study, the purpose of which is to investigate attention

during the transition to sleep in good and poor sleepers.

During this one-hour orientation session, you will undergo a hearing test, complete questionnaires on your

sleep habits and personality characteristics, and perform some computer-based performance tasks (e.g,

reaction time, memory). Following this, you will be asked to keep a sleep diary for a two-week period (at

home, ~3min/day) prior to beginning the main study in the laboratory. You will not be compensated for this

time if you do not participate in the remainder of the study.

If selected to participate in the study, you will be required to spend two consecutive nights , from 7:45 pm to

9:30 am, in the Sleep Research Laboratory at Brock University. The purpose of the first night is to screen

for sleep disorders. Ifwe find any evidence of a sleep disorder, you will be excluded from the remainder of

the study, but you will be compensated for this time. The Brock University Sleep Research Laboratory does

not provide a complete clinical assessment of sleep disorders. Ifwe find evidence of sleep-related breathing

or movement disorders, even if not severe, it will be recommended that you consult your family doctor for

a referral to a sleep disorders specialist for a full diagnostic assessment.

On both nights, prior to going to sleep, you will be asked to complete various questionnaires and to perform

several computer-based tasks. Sleep will be recorded by placing electrodes on your scalp to measure brain

wave activity. Electrodes (applied with water-soluble paste, not glue) will also be placed near your eyes to

measure eye movements, and under your chin to measure muscle movement. By measuring activity from

the brain, eyes, and muscles, we can determine how deeply you are sleeping. During the first night only,

electrodes will also be placed on your legs to measure leg movements, on your chest to measure heart rate,

and respiration belts will be worn around your chest and waist to monitor breathing during sleep. On the

first night, you will sleep undisturbed from 1 1:00 pm to 07:00 am. In the morning, you will again be asked

to complete questionnaires and to perform the same computer-based tasks. The electrodes will then be

removed, and you may take a shower and eat breakfast in the laboratory. You will be free to leave by about

9:30 am, but it is important that you not nap or drink caffeine before returning for the second night. The

electrodes may cause some temporary skin irritation such as redness or dryness for some people.

On the second night, the electrodes will again be applied to your head and face (the leg electrodes and

respiratory bands will not be applied on the second night). In the evening before bed, and in the morning

upon rising, you will be asked to complete the same questionnaires and computer-based tasks as on the

previous night. On this second night, we will ask you to respond to tones as you fall asleep. To do this, we
will deliver very brief tones to both ears using Sony walk-man earphones. A response button will be

attached to your right-hand using Velcro. You will hear two different tones (a lower and a higher pitch

tone); your task is to listen to the tones and press the button each time you hear the higher pitch tone. After

you have been asleep for a period of time, the experimenter will awaken you, turn on the light, and ask you

to get out of bed to perform a 10-minute performance task. You will then be permitted to return to bed, and

the tones will again be presented to you as you fall asleep. We will repeat this procedure several times

during the first part of the night, then you will be allowed to sleep through the remainder of the night

undisturbed. In the morning, the electrodes will be removed, and you may take a shower and eat breakfast

in the laboratory. You will be free to leave by about 9:30 am. Participants should be aware that they may
feel sleepy after participating in the overnight study and should therefore use reasonable care and judgment

if operating a vehicle or machinery the next day.

For full completion of the laboratory portion of the study you will receive an honorarium of $50. The

breakdown of the honorarium is as follows: You will receive $25 for completion of the first overnight, and

$25 for completion of the second overnight. If you are using the research participation for a course

assignment, then you will receive research participation for completion of the first overnight, and $25

dollars for completion of the second overnight.





In addition, you will receive an "Educational Program for Getting a Good Night's Sleep". This take-home

program consists of 6 information modules incorporating techniques to help you sleep better. The primary

investigator will meet with you following your laboratory stay, give you the six modules, and go over the

program and the first module with you. You will also have the opportunity to ask questions at that time. At
the conclusion of this program, you will be asked to complete the electronic sleep diary for an additional

week as well as complete some electronic questionnaires. While undertaking the program, you may contact

the researcher at any time if you have questions or concerns. Carrying out this program is voluntary, and

you may choose to simply receive the information, complete part of the program, or complete the full

program.

Your participation in all parts of this study is voluntary and you may withdraw from the study at any time,

for any reason, without penalty. You are under no obligation to answer any question or participate in any

aspect of this project that you consider invasive, offensive, or inappropriate. You may ask further questions

at any time.

All information you provide will be considered confidential; your name will not be associated with the data

collected in the study. Furthermore, because our interest is in the average responses of the entire group of

participants, you will not be identified individually in any way in written reports or presentation of this

research. Only the researchers named above, and staff of the Sleep Laboratory working under the

supervision of these researchers, will have access to the data.

Benefits: All participants will have the opportunity to learn about how Psychological research is conducted,

and sleep research in particular. Insomnia (i.e., difficulty falling asleep and staying asleep) is a highly

prevalent sleep disorder with significant daytime consequences. There are no published studies to date that

have investigated brain information processing in poor sleepers. The knowledge gained from this study

may shed light on the neurological underpinnings of insomnia, and potentially uncover a "biomarker" of

poor sleep that may be used to track behavioural and pharmacological treatment efficacy strategies.

Additionally, you will be provided information on self-management techniques that have been shown in

previous research to help improve sleep. Sustained improvements to sleep habits and quality may lead to

you feeling more alert during the day which would improve well-being, safety, and work performance.

The Sleep Laboratory is under video surveillance 24-hrs per day for the purpose of keeping a record of all

persons entering the laboratory during the research study. The data from the videotapes will not be used in

presentations or advertising.

Participation in this research project is NOT a clinical assessment of a sleep disorder and no individual

feedback will be provided.

Results of this study may be published in professional journals and presented at conferences. Feedback

about the outcome of the study will be available on our website after final publication of the data:

(http://www.brocku.ca/sleeplab/research.htm).

Electronic data will be kept indefinitely in the archives of the sleep lab and paper data will be destroyed

after publication of the results.

If you have any questions about this study or require further information, please contact the Principle

Investigator or the Faculty Supervisor (see below). This study has been reviewed and has received ethics

clearance through the Research Ethics Board at Brock University (REB file # 05-272).

Psychology Department, Brock University

Principle Investigator: Rona Kertesz (905) 688-5550, ext. 3795, email: rk04yl(a brocku.ca

Supervisor: Dr. Kimberly Cote at (905) 688-5550, ext, 4806.





If you have any comments or concerns about your rights as a research participant, please contact the

Research Ethics Office at (905) 688-5550 Ext. 3035, reb(%brocku.ca

Thank you for your time and assistance with this important research project!

I agree to participate in the study described above. I have made this decision based on the information I

have read in the Information-Consent Letter. I have had the opportunity to receive any additional details I

wanted about the study and understand that I may ask questions in the future. I understand that I may
withdraw this consent at any time.

Please sign both copies of this consent form and keep one for your records.

Name:
Signature: Date:

"Please sign one of the two statements below indicating your compensation for participation:

1) Research Participation and Honorarium
I am participating in this experiment for research participation for an assignment in a University course,

AND for a $25 honorarium.

Signature of participant course for participation Signature of experimenter

OR

2) Honorarium Only

I am participating in this experiment for a $50 honorarium. I agree that participation in this study will not

be used toward research participation hours for an assignment in a University course.

Signature of participant Signature of experimenter





Brock University Sleep Research Laboratory

Personal Information Questionnaire

Date:

Full Name

Address

Home Phone No. Second Phone No. E-Mail

1 . Please indicate your marital status:





IPIP-NEO PERSONALITY QUESTIONNAIRE

Listed below are phrases that describe people's behaviours. Please consider each

statement and indicate how accurately it describes you , using the following scale:

1 = very inaccurate

2 = moderately inaccurate

3 = neither inaccurate nor accurate

4 = moderately accurate

5 = very accurate

1. Often feel blue.

2. Feel comfortable around people.

3. Believe in the importance of art.

4. Have a good word for everyone.

5. Am always prepared.

6. Seldom feel blue.

7. Have little to say.

8. Am not interested in abstract

ideas.

9. _ _ Have a sharp tongue.

10. _ Waste my time.

1 1

.

_ Dislike myself.

1 2. Make friends easily.

13. _ Have a vivid imagination.

14. Believe that others have good

intentions.

15. Pay attention to details.

16. Feel comfortable with myself.

1 7. Keep in the background.

18. Do not like art.

19. Cut others to pieces.

20. _ _ Find it difficult to get down to

work.

21. Am often down in the dumps.

22. _ _ Am skilled in handling social

situations.

23. Tend to vote for liberal political

candidates.

24. Respect others.

25. Get chores done right away.

26. Rarely get irritated.

27. Would describe my experiences as

somewhat dull.

28. _ _ Avoid philosophical discussions.

29. Suspect hidden motives in others.

30. Do just enough work to get by.

31. Have frequent mood swings.

32. Am the life of the party.

33. _ Carry the conversation to a higher level.

34. Accept people as they are.

35. Carry out my plans.

36. Am not easily bothered by things.

37. Don't like to draw attention to myself.

38. Do not enjoy going to art museums.

39. _ _ Get back at others.

40. _ _ Don't see things through.

41. _ Panic easily.

42. Know how to captivate people.

43. Enjoy hearing new ideas.

44. Make people feel at ease.

45. Make plans and stick to them.

46. Am very pleased with myself.

47. Don't talk a lot.

48. Tend to vote for conservative political candidates.

49. Insult people.

50. _ _ Shirk my duties.





FATIGUE QUESTIONNAIRE

ID





Circadian Rhythm Questionnaire

J.A Home and O. Ostberg

Instructions

1

.

Please read each question very carefully before answering.

2. Answer ALL questions.

3. Answer questions in numerical order.

4. Each question should be answered independently of the others. Do NOT go
back and check your answers.

5. All questions have a selection of answers. For each question place a cross

alongside ONE answer only. Some questions have a scale instead of a

selection of answers. Place a cross at the appropriate point along the scale.

6. Please answer each question as honestly as possible. Both your answers and the

results will be kept in strict confidence.

7. Please feel free to make any comments in the section provided below each

question.

Please supply the information requested below.

ID:





Circadian Rhythm Questionnaire

Considering your own "feeling best" rhythm, at what time would you get up if you
were free to plan your day?

a.m. 5 6 7 8

- + - +
10 11

I

12

Considering your own 'feeling best" rhythm, at what time would you go to bed if

you were free to plan your evening?

p.m. 5 6 7 8 9 10 11 12

If there is a specific time at which

you have to get up in the morning, to

what extent are you dependent on being

Woken up by an alarm clock?

Assuming adequate environmental

conditions, how easy do you find

getting up in the morning?

How alert do feel during the

first half hour after having woken
in the morning?

How is your appetite during the first

half hour after having woken in the

morning?

Not at all dependent []

Slightly dependent []

Fairly dependent []

Very dependent []

Not at all easy []

Not very easy []

Fairly easy []

Very easy []

Not at all alert []

Slightly alert
[]

Fairly alert
[]

Very alert []

Very poor
[]

Fairly poor
[]

Fairly good []

Very good []





Page 3

9.

During the first half hour after

having woken in the morning,

how tired do you feel?

When you have no commitments the

next day, at what time do you go to

bed compared to your usually bedtime?

You have decided to engage in some

physical exercise. A friend suggests

that you do this one hour twice a

week and the best time for him/her is

between 7:00 - 8:00 a.m. Bearing

mind nothing else but your own
"feeling best" rhythm, how do you

think you would perform?

Very tired []

Fairly tired []

Fairly refreshed []

Very refreshed []

Seldom or never later []

Less than one hour later.. []

1-2 hours later []

More than 2 hours later. . .[]

Would be in good form []

Would be in reasonable form..[]

Would find it difficult []

Would find it very difficult. . . .[]

1 0. At what time in the evening do you feel tired and as a result in need of sleep?

I-+-I-+-I-+-I-+-I-+-I-+-I-+-I
p.m. 8 9 10 11 12a.m. 1 2 3

1 1 . You wish to be at peak performance

for a test which you know is going to be

mentally exhausting and last for at least two

hours. You are entirely free to plan

your day and considering only your own
"feeling best" rhythm which ONE of the

four testing times would you choose?

8:00- 10:00 a.m []

11:00a.m. -1:00p.m. ...[]

3:00-5:00 p.m []

7:00-9:00 p.m []





Page 4

12. Ifyou went to bed at 11:00 p.m. at

what level of tiredness would you be?

Not at all tried []

A little tired []

Fairly Tired
[]

Very Tired []

1 3. For some reason you have gone to bed

several hours later than usual, but

there is no need to get up at any

particular time the next morning.

Which ONE of the following events are

you most likely to experience?

Will wake up at usual time

and will NOT fall asleep []

Will wake up at usual time

and will doze thereafter []

Will wake up at usual time

but will fall asleep again []

Will NOT wake up until

later than usual []

14.

15.

One night you have to remain awake

between 4:00 - 6:00 a.m. in order to

carry out a night watch. You have

no commitments the next day. Which
ONE of the following alternatives

will suit you best?

You have to do two hours of hard physical

work. You are entirely free to plan

your day and considering only your own
"feeling best" rhythm which ONE of the

following times would you choose?

Would NOT go to bed until

watch was over []

Would take nap before and

and sleep after []

Would get a good sleep

before and a nap after []

Would take ALL sleep

before watch []

8:00- 10:00 a.m []

11 :00 a.m. -1:00 p.m. ...[]

3:00-5:00 p.m []

7:00-9:00 p.m []





16. You have decided to engage in hard

physical exercise. A friend suggests

that you do this one hour twice a

week and the best time for him/her is

between 10:00 - 1 1:00 p.m. Bearing

in mind nothing else but your own
"feeling best" rhythm, how do you

think you would perform?

Would be in good form []

Would be in reasonable form. . . []

Would find it difficult []

Would find it very difficult []

17. Suppose that you can choose your own work hours. Assume that you worked FIVE
hour days (including breaks) and that your job was interesting and paid by results.

Which FIVE consecutive hours would you select?

12 1 2 3 4 5 6 7 8 9 10 11 12 1 2

Midnight Noon
3 4 5 6 7 9 10 11 12

Midnight

18. At what time of day do you think that you reach your "feeling best" peak?

12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 1 1 12

Midnight Noon Midnight

19. One hears about 'morning' and

'evening' types of people.

Which ONE of these types do you

consider yourself to be?

Definitely a 'morning'

type []

Rather more a 'morning'

than an 'evening' type []

Rather more an 'evening'

than a 'morning' type []

Definitely an 'evening'

type []





Scale: = Never; 1 = Rarely; 2 = Sometimes; 3 = Often; 4 = Always; 5 = N/A

SLEEP - WAKE QUESTIONNAIRE

ID





Scale: = Never; 1 = Rarely; 2 = Sometimes; 3 = Often; 4 = Always; 5 = N/A

g) Aches or pains in: limbs

neck

back

chest

abdomen
h) A need to move your legs because of

unpleasant sensations in them

i) Sudden jerking movements of your arms

and legs

j) Unable to move arms or legs

k) Unable to stop thinking about recent or

past events

1) Frightening or strange hallucinations

m) Other (specify)

5 How often do you awaken more than 3 times

at night?

6 If you awaken at night, how often do you stay awake
more than 30 minutes before you go to sleep again?

.

7 If you awaken at night, how often do these

awakenings happen during:

a) the first third of the night

b) the second third of the night

c) the last third of the night

! How often are your awakenings during the night

due to:

a) External noises (telephone, baby crying

noisy traffic)

b) Nightmares or unpleasant dreams

c) Aches and pains in different parts of the body
(specify)

d) Coughing, choking, breathing difficulties

e) Sudden jerking movements of arms and legs

f) Need to urinate

g) Heartburn

h) Headache

i) Other (specify)

9 During your sleep at night, how often have you noticed or have you been told that you do any of

the following?

a) Snore

b) Turn your head from side to side

c) Move your arms or legs or kick

d) Talk during your sleep

e) Walk during your sleep

f) Scream or shout

g) Grind your teeth





Scale: = Never; 1 = Rarely; 2 = Sometimes; 3 = Often; 4 = Always; 5 = N/A

h) Cough
i) Suffer from interrupted breathing

j) Bed wetting

10 How often is your sleep:

a) Light

b) Deep

1 1 How often do you have disturbing (bad) dreams

during sleep?

12 When you wake up from these bad dreams, how often do you experience the following?

a) Feel relieved

b) Feel frightened

c) Have no emotion at all

d) Feel heart pounding

e) Breathe heavily

f) Choke

g) Feel pressure on your chest

h) Not able to move
i) Feel restless .

j) Perspire

k) Scream

1) Wet your bed

m) Immediately fall asleep

13 How often do you awaken in the morning feeling:

a) Good mood
b) Bad mood
c) Refreshed

d) Physically tired

e) Headache

f) Muscle stiffness or pain in: limbs

neck

back

chest

abdomen

14 How often do you nap during the day:

a) On work/school days?

b) On weekends and holidays?

1 5 How often do you feel refreshed after a daytime

nap?

16 How often do you fall asleep during the following situations?

a) While travelling (car, train, etc.)

b) In the movies or theatre B





Scale: = Never; 1 = Rarely; 2 = Sometimes; 3 = Often; 4 = Always; 5 = N/A

c) During talks or lectures

d) While watching TV
e) During social situations

f) While reading

g) During work

h) While driving a car

i) While eating

j) During other activities (specify).

1 7 How often do you stop an activity because of an irresistible need to sleep?

18 During the day, how often do you:

a) Feel refreshed and energetic

b) Feel physically exhausted and listless

c) Yawn
d) Have problems at work/school due to sleepiness or naps

e) Have attacks of sudden muscle weakness

or falling

f) Have automatic activity (i.e., driving or

walking without recalling where you are)

g) Feel faint or lose consciousness

h) Feel dizzy or unsteady

i) Have unusual sensation (numbness, tingling)

in arms and legs

j) Have headaches

k) Have pain or discomfort in: limbs

neck

back

chest

abdomen

19 How often do you have to work on shifts?.

20 How often do you work on the:

a) Day shift?

b) Evening shift?

c) Night shift?

21 How often does your work require you:

a) to stay awake most of the night?

b) to travel from one time zone to another?.

22 How often during your work are you exposed to:

a) Continuous noises?

b) Monotonous activity?

c) Social isolation?

d) Pressures to increase your work output?





Scale: = Never; 1 - Rarely; 2 = Sometimes; 3 = Often; 4 = Always; 5 = N/A

23 How often have you used medications for the following purposes?

a) to relieve pain (e.g. aspirin). Specify type

b) to relieve heartburn or indigestion ' '

(e.g. Antacids). Specify

c) to diminish nervousness (e.g. Tranquillizer) ' '

Specify

d) to relieve depression (e.g. antidepressant)

Specify

e) to help you sleep better. Specify

to keep you awake during the day. Specify

g) caffeine tablets

h) against allergy (e.g. antihistamines). Specify

i) against asthma (e.g. aminophylline). Specify

j) to prevent convulsions (e.g. dilantin). Specify

k) to treat heart problems. Specify

1) to treat respiratory problems. Specify

m) to treat high blood pressure. Specify

n) hormones. Specify

o) to treat Parkinsonism. Specify

p) to reduce weight. Specify

q) other types of medicines. Specify

(1)

(2)

(3)

24 How often have you used:

a) Marijuana/hash?

b) Cocaine/crack?

c) L.S.D., mescaline, ecstasy?

d) Stimulants (speed drugs, uppers,

mood elevators, ephedrine)?

e) Narcotics (morphine, heroin, opium)?.

f) Other. Specify?

SLEEP - WAKE QUESTIONNAIRE - Part II

INSTRUCTIONS
The following are statements that describe some measurable aspects of your

experience. Read each statement carefully and put in the appropriate box the

nearest number that describes your experience.

If the statement does not apply to you, put "N/A" on the appropriate line.

1

.

During work/school days, I usually sleep hours.

2. During weekends and holidays, I usually sleep hours.

3. If I nap, they usually last minutes each .

4. During the past 6 months . I have had nightmares each week.





Scale: = Never; 1 - Rarely; 2 = Sometimes; 3 = Often; 4 = Always; 5 = N/A

5. During the past 3 years because of sleepiness : (a) I had

(b) I had"

(c) I had

(d) I had

5. During the past month . I had to change: (a) from morning shift to night shift

(b) from night shift to morning shift

(c) from evening shift to night shift

work accidents during day time,

work accidents during night time,

car accidents during day time,

car accidents during night time.

7. Each day I usually drink:

8. Each day I usually take:

9. Each day I usually smoke:

10. Each week I usually drink:

\U) UVHI1 Ilium 511111 UJ lllUUUUg Mini

(c) from evening shift to night shift

(d) from night shift to evening shift

(e) from morning shift to evening shift

(f) from evening shift to morning shift

(a) cups of caffeinated coffee.

(b) cups of regular tea

(c) cups of herbal tea, Specify types:

(a) vitamins; Specify

(b) herbal remedies; Specify

(a)

.0>)

(a)

_(b)

_(c)

_(d)

_(e)

cigarettes,

other; Specify

glasses of cola,

glasses of wine,

bottles of beer.

ounces of liquor; Specify

ounces of other liquor; Specify

_ times.

_ times.

times.

times.

_ times.

_ times.

FAMILY MEDICAL HISTORY
Please check (X) in the proper space if any of the following items apply to a member of

your family

1 Sleep walking

2 Screaming during sleep

3 Very loud snoring in sleep

4 Daytime sleepiness

5 Other sleep problems (specify)

a)

b)

a
©





Scale: = Never; 1 = Rarely; 2 - Sometimes; 3 = Often; 4 = Always; 5 = N/A

6 Chronic Fatigue

7 Death during sleep

8 Mental illness

9 Psychiatric treatment

10 Chronic diseases:

a Cancer

b Heart diseases

c Rheumatoid arthritis

d Diabetes mellitus

e Other chronic disease.

1

1

Neurological Diseases:

a Epilepsy

b Other

a
o
e/5





Scale: = Never; 1 = Rarely; 2 = Sometimes; 3 = Often; 4 - Always; 5 = N/A

10 Liver disease





The Rochester Sleep Continuity Inventory (RSCI)

(The Multi-factorial Insomnia Index)

PART 1: TYPE OF INSOMNIA & SEVERITY

Initiation Problems (These questions refer to problems falling asleep when you first go to bed [at

bedtime]).

1

.

I have problems falling asleep on night(s) per week.

O Doesn't apply O 1 or less 2 3-4 5-6 O every night

2. When I have trouble falling asleep, it generally takes me minutes to fall asleep.

O Doesn't apply 015-30 30-45 45-60 60-120 O more than 120

3. When I have trouble falling asleep (at bedtime), it takes me tries to fall into a deep
sleep.

O Doesn't apply O 1 or less 2 O 3-4 5-6 O more than 6

4. I have had problems falling asleep for months / years

O Doesn't apply, falling asleep is generally not a problem for me.

O 1-6 months
6-12 months
1-3 years

O 3-5 years

O more than 5 years

Maintenance Problems (These questions refer to the middle of the night awakenings where you,

sooner or later, fall back asleep).

5. I have trouble with middle of the night awakenings (one or more awakenings after sleep

onset of five or more minutes per occasion) on nights per week.

O Doesn't apply O 1 or less 2 3-4 5-6 O every night

6. When I have trouble staying asleep, I am generally awake for a total of different times

per niaht (don't count final your awakening)

O Doesn't apply 01-2 3-4 O 5-6 O 6-7 O more than 7

7. When I have trouble staying asleep, I am generally awake for a total of minutes over

the course of the niaht.

O Doesn't apply 015-30 30-45 45-60 60-120 O more than 120

8. I have had trouble waking up in the middle of the night for months/years.

O Doesn't apply. Waking up in the middle of the night is generally not a problem for me.

O 1-6 months
6-12 months
1-3 years





O 3-5 years

O more than 5 years

Early Morning Awakenings (waking up earlier than desired & being unable to fall back to sleep)

9. I generally have problems with early morning awakenings on nights per week.

Doesn't apply O 1 or less 2 3-4 O 5-6 O every night

10. When I wake up early and cannot fall back asleep, I generally awaken minutes before

1 wanted to get up.

O Doesn't apply 15-30 30-45 45-60 60-120 O more than 120

1 1

.

When I awaken early in the morning, I am certain that I will not fall back asleep.

O Doesn't apply 010-30% 30-50% 50-70% 70-90% 100%

12. I have had early morning awakenings for months

O Doesn't apply. Early morning awakenings is generally not a problem for me.

O 1-6 months
6-12 months
1-3 years

O 3-5 years

O more than 5 years

Daytime Consequences

13. During the day, I feel fatigued because of my poor sleep. "Fatigue" refers to a feeling of

tiredness in your muscles or body. Fatigue does not refer to sleepiness (the likelihood that one
may unintentionally fall asleep).

O No Fatigue Mildly fatigued O—O—O—O—O Very Fatigued

14. My ability to function (work performance, recreational activities, etc.) during the day is

compromised because of my poor sleep.

O Not compromised Mildly compromised O—O—O—O—O Very Compromised

15. I feel like my mental well being is negatively influenced by my poor sleep.(e.g. irritability,

sadness, anger, ability to concentrate, memory).

O Not Influenced Mildly Influenced O—O—O—O—O Very Influenced

16. I feel like my physical well being is compromised because of my poor sleep (e.g, physical

symptoms such as nausea, headaches, pain, dizziness, etc.).

O Not compromised Mildly compromised O—O—O—O—O Very Compromised

17. How sleepy do you usually feel during the daytime? "Sleepy" means likely to fall asleep at

inappropriate times or places (e.g. at work, while driving, or under any other circumstance where
you want or need to stay awake)

O Never felt this way





O Once in the last 1 year

O Once in the last 6 months

O Once a month
O Weekly
O Daily

Sleep Related Worry (Please rate your degree of worry or concern about the following)

18. I worry that if I go for one or two nights without adequate sleep I might completely "fall

apart". Please rate how frequently you feel this way.

O Never felt this way

O Once in the last 1 year

O Once in the last 6 months

O Once a month

O Weekly
O Daily

19. I worry that I may lose control over my ability to sleep. Please rate how frequently you feel

this way.

O Never felt this way

O Once in the last 1 year

O Once in the last 6 months

O Once a month

O Weekly
O Daily

20. When I sleep poorly on one night, I get worried that it will disturb my sleep schedule for the

whole week. Please rate how frequently you feel this way.

O Never felt this way

O Once in the last 1 year

O Once in the last 6 months
O Once a month

O Weekly
O Daily

21. I worry in the middle of the day or in the evening that I won't be able to sleep that night.

Please rate how frequently you feel this way.

O Never felt this way

O Once in the last 1 year

O Once in the last 6 months

O Once a month

O Weekly
O Daily

22. My sleep is getting worse all the time and sometimes I feel like there's not much
anyone can do to help. Please rate how frequently you feel this way.





O Never felt this way

O Once in the last 1 year

O Once in the last 6 months

O Once a month

O Weekly

O Daily

PART II: CONTRIBUTING FACTORS

Factor - 1

23. At night I often fall asleep or feel sleepy while, e.g., watching TV, but then am unable fall

asleep sleep when I "try to go to bed". Please rate how frequently this happens.

O Never happens

O Once in the last 1 year

O Once in the last 6 months

O Once a month

O Weekly
O Daily

24. I sleep better when I'm away from home.

O Not True Seldom True O—O—O—O—O Always true

25. If I have the opportunity to nap during the day, I fall asleep easily.

O Always True Seldom True O—O—O—O—O Never true

26. Even though I am usually tired when I go to bed, when I get into bed I very quickly become alert.

O Not True Seldom True O—O—O—O—O Always true

27. I regularly avoid certain activities before bed because I'm concerned that "I'll get too wound up"

to fall asleep.

O Not True Seldom True O—O—O—O—O Always true

Factor - 2

28. My preferred bedtime (when my body seems to get sleepy) is at about

(please check only one)

O Between 10:00PM and 12:00PM

12:00am -12:30am O 9:30pm - 10:00pm

O 1 2:30am - 1 :00am O 9:00pm - 9:30pm

O 1 :00am - 1 :30am O 8:30pm - 9:00pm

O 1 :30am - 2:00am O 8:00pm - 8:30pm

O 2:00am or later O earlier then 8:00pm

O none of these times apply to me

29. I feel that I am at my physical and intellectual peak at (please check only one):





O Between Noon and 8:00pm

O Late Morning (10:30am-12:00pm) O Nighttime (8:30pm -10:00pm)

O Mid Morning (9:00am-1 0:30am) O Night (10:00pm -11:30pm)

O Morning (7:30am-9:00am) O Late Night (1 1 :30am -01 :00am)

O Early Morning (6:00am-7:30am) O Very Late (1:00am -2:30am)
O Day Break (4:30am -6:00am) O Very Late (2:30am -4:00am)

30. 1 have difficulty awakening and becoming alert in the morning. times per week.

O Doesn't apply O 1 or less 2 3-4 O 5-6 O every morning

31

.

I tend to sleep better when the time switches to, or from, daylight savings time.

O Not True Seldom True O—O—O—O—O Always true

32. When I travel across more than 2 time zones, I experience "jet lag".

O Not True Seldom True O—O—O—O—O Always true

Factor - 3

33. My sleep problem seems to cycle. For example, I often have 2 to 3 bad nights and then a
decent night's sleep. Please rate how true this is for you.

O Not True Seldom True O—O—O—O—O Always true

34. When I exercise or am active, I tend to sleep better.

O Not True Seldom True O—O—O—O—O Always true

35. If I take a hot bath or a shower in the evening, I tend to sleep better.

O Not True Seldom True O—O—O—O—O Always true

36. If I stay awake later than usual, I tend to sleep better that night.

O Not True Seldom True O—O—O—O—O Always true

37. I tend to sleep better on nights following sunny days.

O Not True Seldom True O—O—O—O—O Always true

Factor - 4

38. When I can't sleep, I make sure I have things I can do in bed to pass the time (e.g., read a

book, watch TV, paperwork, etc.).

O Not True Seldom True O—O—O—O—O Always true

39. When I can't sleep, I often get out of bed and engage in one of the following: smoke, drink a

beverage containing alcohol [e.g., a glass of wine] or have a cup of tea of coffee).

O Not True Seldom True O—O—O—O—O Always true

40. When I can't sleep, I can't help but watch the clock to see how much time has gone by.





O Not True Seldom True O—O—O—O—O Always true

41

.

When I have slept poorly, I either nap during the day or go to bed earlier the next night.

O Not True Seldom True O—O—O—O—O Always true

42. When I have trouble falling asleep, my sense is that I should stay in bed because I

might fall asleep or at the very least I'll get some rest.

O Not True Seldom True O—O—O—O—O Always true

PART III: THREE COMPONENT MEASURE OF AROUSAL

Factor - 1

43. When I am trying to sleep, I have trouble slowing my thoughts down. Please rate how
frequently this happens.

O Never happens

O Once in the last 1 year

O Once in the last 6 months

O One a month
O Weekly
O Daily

44. I am bothered by worried or distressing thoughts when I am trying to sleep. Please rate how
frequently this happens.

O Never happens

O Once in the last 1 year

O Once in the last 6 months

O One a month

O Weekly
O Daily

45. When I am trying to sleep, I find that I can't stop thinking about the day's events (e.g., about

work, or school, or relationship issues). Please rate how frequently this happens.

O Never happens

O Once in the last 1 year

O Once in the last 6 months

O One a month
O Weekly
O Daily

Factor - 2

46. When I have trouble sleeping, I can feel my heart racing or feel my heart beat pulsing. Please

rate how frequently this happens.

O Never happens





O Once in the last 1 year

O Once in the last 6 months
O One a month
O Weekly
O Daily

47. When I have trouble sleeping, my body feels physically tense. Please rate how frequently this

happens.

O Never happens

O Once in the last 1 year

O Once in the last 6 months
O One a month

O Weekly
O Daily

48. When I can't sleep, my body feels "electric" like I have had too much caffeine. Please rate

how frequently this happens.

O Never happens

O Once in the last 1 year

O Once in the last 6 months
O One a month

O Weekly
O Daily

Factor - 3

49. If I watch TV up until bedtime, I find that I easily remember the details of the program I was
watching.

O Not True Seldom True O—O—O—O—O Always true

50. If I speak with my bed partner or talk on the phone in the middle of the night, I have no trouble

remembering the conversation.

O Not True Seldom True O—O—O—O—O Always true

51

.

Sometimes it is difficult to tell if I am asleep or awake.

O Not True Seldom True O—O—O—O—O Always true
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Appendix C

Other Questionnaires: Pre and Post-Sleep Questionnaires, Repeated Sleep-Onsets Questionnaire,

PANAS, Menstrual Cycle Questionnaire, Feedback Form, Generic Ad.





Pre-Sleep Questionnaire

Participant I.D. Time:

Date:

At what time did you awaken today? a.m. p.m.

Has today been an unusual day in any way? No _ Yes . If yes, explain:

Did you fall asleep or take a nap today? No _ Yes . If yes, when and for how long:

Did you drink any alcohol today? No Yes . If so, when

how much?

Did you, or will you, use any medications (prescription or non-prescription) today?

No Yes . If yes, specify type and amount:

Have you used any prescription medication in the last 2 weeks? No Yes

If yes, specify type and amount:

Please indicate how many cups or glasses of the following that you have consumed

today:

_ coffee, decaffeinated coffee, tea, _ cola, chocolate drinks

At what time did you drink your last caffeinated beverage? a.m. p.m.





Put a check mark (</) in the appropriate column to indicate if you are experiencing any of the

following, right now .





Use the chart below to indicate the severity of any pains, aches, or stiffness that you may be experiencing

right now.

On the chart a check (^) in the row labelled '0' indicates no discomfort.

a check (^ )in the row labelled '6' indicates the worst possible discomfort.





HOW DO YOU FEEL?

example: CALM IRRITABLE

CALM H IRRITABLE

HAPPY SAD

ENERGETIC H SLUGGISH

RELAXED TENSE

STANFORD SLEEPINESS SCALE

Please check (^/) the statement which best describes your state of sleepiness. (Choose only ONE
statement)





Post-Sleep Questionnaire

Participant I.D.

Date:

Time:

Please complete immediately upon the final awakening

How long did it take you to fall asleep last night: minutes

How much sleep do you think you got last night: hours

Please indicate with an X on the line:

Best Possible

Sleep

Worst Possible

Sleep

How many times do you think you woke up last night: times.

How did last night differ from your usual night's sleep, taking into account that you slept in a

different bed, with electrodes, etc.

Any comments or suggestions:





Please mark each line with an 'X'

Going to bed

Asleep quickly

I

Long time awake
-

Felt very physically tense

I

Felt very physically relaxed

-

No worries on my mind

Many thoughts

Felt very sleepy

Many worries on my mind

No thoughts

Not exhausted at all

Had many physical ailments Had no physical ailments

-

Went to bed in a

very bad mood
Went to bed in a very

good mood

H

During the night

Frequently awakened

No noises

Very comfortable room temp.

Uninterrupted sleep

Very noisy

Extremely hot or cold

Very comfortable bed Very uncomfortable bed

H

Little or no body movement Tossed and turned all night

Awakened and took and extremely long time

to go back to sleep

Awakened but immediately

went back to sleep

H

Lightest sleep possible Deepest sleep possible





During the night (Continued)

Many thoughts No thoughts

H

Felt very physically relaxed

Had many physical ailments

Felt very physically tense

Had no physical ailments

Extremely pleasant dreams Extremely unpleasant dreams

H

Many dreams No dreams

1

Upon awakening

Woke up long before or after I expected

r

Woke up exactly when I expected

Woke up extremely tired Woke up as rested as possible

Had a very hard time awakening Woke up as easily as possible

-

Woke up in a very good mood Woke up in a very bad mood

Remembered extremely unpleasant dreams Remembered very pleasant dreams
-

Woke up feeling as physically

poor as possible

Woke up with no worries on my mind

Woke up feeling as

physically good as possible

Woke up with many worries

Woke up with no thoughts

on my mind

Woke up with many thoughts





Put a check mark (y) in the appropriate column to indicate if you are experiencing any of the

following, right now .





Use the chart below to indicate the severity of any pains, aches, or stiffness that you may be experiencing

right now.

On the chart a check ("^) in the row labelled '0' indicates no discomfort.

a check (^ )in the row labelled '6' indicates the worst possible discomfort.





HOW DO YOU FEEL?

example: CALM IRRITABLE

CALM IRRITABLE

HAPPY SAD

ENERGETIC H SLUGGISH

RELAXED TENSE

STANFORD SLEEPINESS SCALE

Please check (>/) the statement which best describes your state of sleepiness. (Choose only ONE
statement)





Post-Sleep Questionnaire-Experimental Night

Participant I.D. Time:

Date:

Please complete immediately upon the final awakening

How long did it take you to fall asleep last night after your last experimental awakening:

minutes

How much sleep do you think you got last night: hours

Please indicate with an X on the line:

Best Possible Worst Possible

Sleep Sleep

How many times do you think you woke up last night (after your last awakening by the

experimenter): times.

How did last night differ from your usual night's sleep, taking into account that you slept in a

different bed, with electrodes, etc.

Any comments or suggestions:





Please mark each line with an 'X'

Going to bed (including experimental awakenings)

Asleep quickly Long time awake

Felt very physically tense Felt very physically relaxed

-

No worries on my mind Many worries on my mind

H

Many thoughts No thoughts

H

Felt very sleepy Not exhausted at all

H

Had many physical ailments Had no physical ailments

Went to bed in a

very bad mood
Went to bed in a very

good mood
-

During the night (including experimental awakenings)

Frequently awakened Uninterrupted sleep

-i

No noises

Very comfortable room temp.

Very comfortable bed

Little or no body movement

Very noisy

Extremely hot or cold

Very uncomfortable bed

Tossed and turned all night

Awakened and took and extremely long time

to go back to sleep

Awakened but immediately

went back to sleep

H

Lightest sleep possible Deepest sleep possible

1





During the night (Continued)

Many thoughts

Felt very physically relaxed

Had many physical ailments

No thoughts

Felt very physically tense

Had no physical ailments

Extremely pleasant dreams Extremely unpleasant dreams

H

Many dreams No dreams

Upon awakening

Woke up long before or after I expected Woke up exactly when I expected

Woke up extremely tired Woke up as rested as possible

H

Had a very hard time awakening

Woke up in a very good mood

Woke up as easily as possible

Woke up in a very bad mood

Remembered extremely unpleasant dreams

h

Remembered very pleasant dreams

Woke up feeling as physically

poor as possible

Woke up with no worries on my mind

Woke up feeling as

physically good as possible

Woke up with many worries

Woke up with no thoughts

on my mind

Woke up with many thoughts





Put a check mark (^) in the appropriate column to indicate if you are experiencing any of the

following, right now .





Use the chart below to indicate the severity of any pains, aches, or stiffness that you may be experiencing

right now.

On the chart a check (V) in the row labelled '0' indicates no discomfort.

a check (V )in the row labelled '6' indicates the worst possible discomfort.





HOW DO YOU FEEL?

example: CALM IRRITABLE

CALM H IRRITABLE

HAPPY SAD

ENERGETIC |- H SLUGGISH

RELAXED TENSE

STANFORD SLEEPINESS SCALE

Please check (^) the statement which best describes your state of sleepiness. (Choose only ONE
statement)





Post-Awakening Questionnaire

Participant I.D. Time:

Date: Awakening #:

1. Were you sleeping? Circle: Y / N

(ifYES, answer questions 2, 3)

2. How long do you think it took you to fall asleep?

(minutes)

3. How long do you think you have been sleeping?

(minutes)

-

4. Briefly describe any thoughts or dream activity you were

experiencing at the moment the experimenter came into the

room:

Other comments:





Participant ID: Date:

Time:

THE PANAS

This scale consists of a number of words that describe different feelings and emotions.

Read each item and then mark the appropriate answer in the space next to that word.

Indicate to what extent you feel this way AT THIS MOMENT.
Use the following scale to record your answers.

very slightly

or not at all

2

a little moderately quite a bit extremely

interested

distressed

excited

upset

strong

guilty

scared

hostile

enthusiastic

_proud

irritable

alert

ashamed

inspired

nervous

determined

attentive

jittery

active

afraid





Date: Age:

MENSTRUAL CYCLE QUESTIONNAIRE

yrs Subject's Initials:

Thankyoufor considering participation in our study assessing menstrual cycle changes. The questions below concern the

regularity ofyour menstrual cycle, whetheryou are talcing oral contraceptives, any psychological orphysical experiences you may

have and any pain at menstruation (dysmenorrhoea).

YOUR MENSTRUAL CYCLE

1.

2.

3.

4.

5.

Do you have a regular menstrual cycle? YES / USUALLY / NO

If yes, how many days are there between the beginning of one menstrual period (first day of bleeding) and the beginning of the

next? days

Number of days of menstruation (bleeding): days

Date of last menstruation (first day of bleeding): Date:

If you have an irregular cycle, what is the range (shortest to longest) for the number of days between each menstrual period (first

day of bleeding)? days

ORAL CONTRACEPTIVE USE

6. Are you currently taking oral contraceptives?

7. If yes, what oral contraceptive are you taking?

8. How long have you been using oral contraceptives for?

9. What date did you take the first pill from the current package:

YES /NO

Date:

Date:1 0. Date of last menstruation (first day of bleeding):

1 1

.

If you have ever taken oral contraceptives, when did you stop taking them?

More than 6 months ago? YES / NO Date:

PRE-MENSTRUAL EXPERIENCES

12. Please underline the absence (not present) or severity (mild to severe) of the following symptoms that you may experience pre-

menstrually (from 6 days before the onset of menstruation) compared with 5-10 days after the onset of menstruation (bleeding).

Irritability

Not present Mild Moderate Severe

Depression

Not present Mild Moderate Severe

Anxiety

Not present Mild Moderate Severe

Tension

Not present Mild Moderate Severe

Feeling tearful

Not present Mild Moderate Severe

Headache

Not present Mild Moderate Severe

Breast tenderness

Not present Mild Moderate Severe

13. If you experience a symptom not listed above, please give a brief description, and rate the severity.
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SEVERITY OF DYSMENORRHOEA (menstrual pain)

14. Does menstrual pain affect your working ability:

Unaffected Rarely affected Moderately affected Clearly inhibited

15. Do you ever take days off work/school/college/university due to menstrual pain?

Never Seldom Frequently Always

16. Do you require analgesics for the pain?

Not required Rarely required Required Poor effect

17. Do you ever suffer from nausea, headaches, diarrhoea or any other symptoms associated with your dysmenorrhoea?

Never Seldom Frequently Always

1 8. Mark, with an X on the scale below, how severe the pain is during menstruation.

No pain at all Unbearable pain

Page 2 of 2





Brock University Sleep Research Laboratory
Psychology Department

Letter of Appreciation / Feedback

Title of Study: "Information Processing at Sleep Onset in Good and Poor Sleepers"

Primary Investigators: Rona Kertesz, B.A., Kimberly Cote, Ph.D.

Thank you for participating in this research, the purpose of which was to gain a better

understanding of the brain mechanisms responsible for poor sleep. 'Insomnia' refers to

the inability to fall asleep or stay asleep. It is a common problem that leads to impaired

daytime functioning and reduced quality of life. A great deal of evidence has

accumulated to support the theory that insomniacs are prone to a state of hyper-arousal at

bedtime (e.g., increased heart rate activity). In the present study, we investigated if there

was evidence for hyper-arousal in the brain's response to environmental stimuli during

the sleep-onset period in good and poor sleepers. It is expected that poor sleepers will

exhibit altered brain responses to stimuli presented while falling asleep, reflecting

enhanced attentiveness to the environment.

If you need to contact the Sleep Research Laboratory regarding your participation, or if

you have questions in the future regarding any of the study procedures, please call the

Principal Investigator of the study, Rona Kertesz, at 905-688-5550, ext. 3795. You may
also contact the Director of the Sleep Research Laboratory, Dr. Kimberly Cote, in the

Psychology Department at (905) 688-5550, extension 4806.

No individual feedback from the sleep study or performance data may be provided at any

time. However, a summary of the general outcome of the study will be available on our

website after final publication of the data: (http://www.brocku.ca/sleeplab/research.htm).

This study has been reviewed and cleared by the Brock Research Ethics Board (File # 05-

272). For answers to questions about your rights as a research participant, contact a

Research Ethics Officer at Brock University, (905) 688-5550 ext. 3035, or

reb@brocku.ca

Thank you !





The Brock Sleep Research Laboratory

is Looking for

Good and Poor Sleepers

for a study investigating attention and sleep onset

This study will require you to :

•Attend a 1-hour information session

* Keep a sleep diary while at home for 2 weeks
* Spend 2 consecutive nights (8pm-10am) at the Brock University Sleep Research laboratory

All those who wish to participate must :

Be between the ages of 17-45

Be right-handed

Be in good health (e.g., taking no medications)

Speak English Fluently

Have good hearing

Have no history of depression, anxiety, head injury, chronic pain

Prefer to sleep anytime between the approximate hours of 10pm and 8am

GOOD SLEEPERS: In order to participate you must :

In order to participate you must : . Have Trouble Falling Asleep
• Have no trouble falling asleep or staying asleep (This trouble must occur at least a few days/week,

• Feel your sleep is restorative (restful) and must have been occurring for more than one
• Have no sleep disorders month)

• Have trouble functioning or feel tired during the

day

• Have no sleep disorders (other than insomnia).

POOR SLEEPERS:

Why participate?

To help us learn more about insomnia.

To learn about research and in particular, sleep!

Participants will receive a $50 dollar honorarium. If you are obtaining research participation for a course, you will receive a $25
honorarium.

Poor sleepers will receive an "Educational Program for Getting a Good Night's Sleep". This take-home program consists of 6
information modules incorporating techniques to help you sleep better.

For More Information.

Please contact Rona at the Brock University Sleep Research Laboratory:

Rona Kertesz (905) 688-5550, EXT. 3795. Email: rk04yl(5ibiocku.ca

This study has been reviewed and cleared by the Research Ethics Board (file# 05-272) at Brock University. For information on your

rights as a research participant, please contact the Research Ethics Office at (905) 688-5550 Ext. 3035, reb^brocku.ca .





256

Appendix D

Number of trials included in each ERP analysis
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Appendix E

Ethics Clearance Form





Brock University

Department St. Catharines. Ontario Telephone 90V6H8-5S

ol'Psychology Canada US 3A1 Pax WWiSfM)')

DATE: April 19, 2006

FROM: Linda Rose-Krasnor, Chair

Research Ethics Board (REB)

TO: Kimberly Cote, Psychology

Rona Kertesz

FILE: 05-272 KERTESZ

TITLE: Brain Information Processing at Sleep Onset in Good and Poor Sleepers

The Brock University Research Ethics Board has reviewed the above research proposal.

DECISION: Accepted as clarified, however, please add a statement to consent materials cautioning

participants that they may feel sleepy after participating and should use reasonable care and

judgment if operating a vehicle. Please submit revised copy of consent form to the Ethics Office.

This project has received ethics clearance for the period of April 19, 2006 to September 30, 2007 subject to

full REB ratification at the Research Ethics Board's next scheduled meeting. The clearance period may be

extended upon request. The study may nowproceed.

Please note that the Research Ethics Board (REB) requires that you adhere to the protocol as last reviewed

and cleared by the REB. During the course of research no deviations from, or changes to, the protocol,

recruitment, or consent form may be initiated without prior written clearance from the REB. The Board

must provide clearance for any modifications before they can be implemented. If you wish to modify your

research project, please refer to http://www.brocku.ca/researchservices/forms to complete the appropriate

form Revision or Modification to an Ongoing Application.

Adverse or unexpected events must be reported to the REB as soon as possible with an indication ofhow
these events affect, in the view of the Principal Investigator, the safety of the participants and the

continuation of the protocol.

If research participants are in the care of a health facility, at a school, or other institution or community

organization, it is the responsibility of the Principal Investigator to ensure that the ethical guidelines and

clearance of those facilities or institutions are obtained and filed with the REB prior to the initiation of any

research protocols.

The Tri-Council Policy Statement requires that ongoing research be monitored. A Final Report is required

for all projects upon completion of the project. Researchers with projects lasting more than one year are

required to submit a Continuing Review Report annually. The Office of Research Services will contact you

when this form Continuing Review/Final Report is required.

Please quote your REB file number on all future correspondence.
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